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FIELD OF THE INVENTION , 
The presem invention relates to the modulation of integrin-medtated signal 
™^uction. particular., signaltra„sductionn,ediatedbyOPnb.l.Uo„p.a«^^^ 
invenUon relays specifically to the identification of molecules ^ medtate mtegnn stgnalm* 
and to methods of modulating integrin-mediated signalmg. 

BACKGROUND OF THE INVENTION . , „ ,„ 

integrins are a family of a? heterodimers that mediate adheston of cells to 
„,racellularmatHxpro.einsa.^tooth.rcells(Clar.«.,.,Scie..(1995,26S: 233.239). 

rgri,,salsoparUcipatei„signaltransducUo,.asevidencedbyeith.r» 
"affJty of ceU surface integrinsinresponseto cellular acUvationftermedmstde^ 

,^,ransduc.io„)orbyafrectingU,.raceUularsignal^P«hway« 

latedadh.sio„(ten«doutsidc..signal.ransducUon,.Manyb.o,og,«^^ 

,epe„den.at..,s.tosomeextentup.n..egri...mediatedadhes,o„andceli™^^^^^^^^ 

incTuding embtyodc development hemostasis, clot retraction, mttosts. angiogenests, cell 
:^rL— .^unerespo^,le.ocyteh„n^andactivaUo.p^^^^^ 

:rresorptio..b«orgro.^.n.— athcrosclerosis,,^^^^^^ 
viralinfecUvity,amyloidto»city,progranunedcel.dea.ha„dth.responseofcel.s» 

mechanical stress. 
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The integrin family coosists of 15 related knov™ a subimits (al, a2, a3, a4, 
a5 a6 a7 a8, a9, aE, aV, allb, aL, aM, and aX) and 8 related tao«n » subunits (Pl, P2, 

subunits ate knov™ to exist in a variety of pairings as indicated in Figure 1 . Integrin l.gand 
speciflcity is determined by the specific pairing of tlte a and [! subunits, although some 
redundancy exists as several of the integrins are known to bind the same ligand. Figure 2 
shows the sequences of the cytoplasmic domains of GPIIb and OPIIIa, including Ute 
cytoplasmic domains of other a and 0 subunits, respectively, that have homologous 
cytoplasmic domains. Most integrins containing the Jl, P2, ?5, »6, and P7 subumts 
have been found to transduce signals (reviewed by Hynes, cell (1992)62:11-25). Integrins 

are involved in both "inside-out" and "outside-in" signaling events. r 

Various pathologies associate! with integrin-related defects are known. For 
example, inherited deficiencies of OPUb-IIIa (also termed aU?3) content or StncUon have 
been described (terined Glan^ann's thrombasthenia) and are chara«eri»d by plateleu ^. 
- do not bind adhesive proteins and therefore fail to aggregate, resulting in a 

diathesis, inhibitors of the binding of fibrinogen and von Willeb,».d factor to OP Ib-IIla 
Havebeendescribedandh.veb.e.foundtob,ockpUtele.aggregation,»vi.oand.^^^^ 

dimcal thrombosis in vivo (The EPIC Investigators, Se. England Journo, ofMe^ 
330:956-96.: Tcheng, I.E. OTcu/arion (1995) 91:2.51-2.57). Also, leukocyte 
adhesion deficiency (LAD) results from the absence of a P2 subunit. 

A [mitlB-^ii ^'r"""' 

toside-ou. signal transduction has beenobserved for pi, P2,and(i3 mtegnns. 
(„,ne.I.O.Ce«(.992)6,:n.25;PMnip.B...e,»/.,a«(.99.)65:359.362 Smyth,S.S. 

5 e,a, BW(.993)8.:2»27-2843;Ginsber,,M.H.«ai.,77,r„'»»~ar«(.993) 
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70:87-93; Juliano, R.L. et al. Cell Biol (1993) 120:577-585; Rouslahti, E.J Clin Invest 
(1991) 87:1-5. 

Perhaps the most widely studied integrin that is involved in inside-out 
signaling is GPIIb-lIIa, the receptor for the four adhesive proteins, fibrinogen, von 
Willebrand factor, vitronectin and fibronectin, on stimulated platelets (Phillips, D.R. et al. , 
Blood (1988) 71:831-43). The binding of adhesive proteins to GPHb-IIIa is required for 
platelet aggregation and normal hemostasis and is also responsible for occlusive thrombosis 

in high shear arteries. 

GPIIWIU is taovm <o be involved in insid.K.ut signal wnsducnon because 

OPIIb-lIla on Ae surface of unstimulated platelets is capable of recognizing only 
imn,obili«d fibrinogen. In response to platelet stimulation by agents such as thrombm, , 
collagenandADP,GPIIb.niab.comesareceptorforthefou,adhesiveproteinsinthe 

previous paragraph, and the binding of fibrinogen and von Willebrand factor causes platelets 
to aggregate. A monoclonal antibody has been described which detects the acuvated, 
-. receptor compete, state of GPlIb-lIla. suggesting that the conformation of the r«eptor 
competent form of GPlIb-nia differs f^m that of OPllb-IIU which does not b,n so uble 
«bHlgenorvo„Willebrandfac.or(Sha.ti,,S.;..MMB,o,a..(19S5)m,110- 

n U4, .. has been posnuated that inside^ut OPIIb-ma signal .ransducuon ts depen^^^^ 
cellular proteins that ac. to repress o, stimulate GPIlb-ina activation (Ginsberg. M.H. « , 
, c»rr qp/nC««Sio/(l W2)4;766-771). 

R2 integrins on leukocytes also respond to insideH,ut signal transductton 
which accot^t. for example, for the increased binding activity of LFA-l on stim^«d 
lymphocytes and dte ■ncreas«l billing activiry of MACl on stimulated neu.roph.ls 
(reviewed by Springer, T., Curr BU (1994) 4-.506.517). 
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Most in«grim can be involved in outside-in signal transduction as evidenced 
by observations showing that binding of adhesive proteins or antibodies to integrins affects 
the activities of many cells, tor example cellular differentiation, various markers of cell 
S activation, gene expression, and cell proliferation (Hynes, K.O. Ce/,(19«, 69:11-25). The 
involvement of GPIIb-IIIa in outside-in sign^ing is apparent because the bmdmg of 
unstimulated platelets to taunobilized fibrinogen, a process mediatedby OPHb-Ula, leadsto 
platelet activation and platelet spreading (Kiefrer.N.«d.,i«/«oK.991, 113:451.461). 

Outside-in signaling through GPIIWIIa also occurs during platelet 
Is 10 agregation Signaling occurs because fibrinogen or von Willebrand facto, bound to the 
i activatedf6nnofOPIIb.nl.onthesurfaceofstimulatedplatelets.coupl.dw,ththe , 

i; formation of platelet-platelet contacts, causes fimher platelet stimulation through OPllb-IIIa 

S signal,ransductio„.In,hismanner,bindingofadh.siveprot.instoOm-macanb„* 

" imtiate platelet stimularion o, can augment stintulation induced by the other platelet agontsts 

13 15 - suchasADP,thrombinandcollagen.Thebi.dingofsolublefibrinogentoOP..b^^ 
1 uns.imu.atedp.a,eletsc,nalsob.inducedbyse,.c.edGP..b-.naan.ibodies^^ 
S (Huang M.M.e,.i,JCeUBioHmV n2-An^m although platel«sw..hfibnn^en 

' * bound iL this manner are no, believed to be stimulated, such platelets will aggregate >f 

agitated and wiU become stimulated following aggregation through GPUb-ina stgnal 

" Ou«ide.h>..egrinsig„..ransd„c.ionresul.s.theacUva.ionofoneormore 

cascades within cells. For GPHb-ni. effects caused by integrin ligation include enhanced 
actin polymerization, increasedNa-ZH- exchange, activaUonofphospholipases^mcrea^ 

phosphatidyin»over,increas«icytop.asmicCa-.andacUvationofkina«s. ^ 
,S kn„wntobeacfivatedincludePKC,myosinlightchainldnas.,s,..^t-^PP FAK^ 

Kinase substrates identified inclu^ pleckstrin, myosin light chain, s.. sy, ppUSFAK. and 
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„^«o^ pro^in. ye, » be .denUfied (.viewed in Clark. E.A. « a/ . 5..n« (.995) 
268-233-239) Many of Aese signaling events, including phosphorylations, also occur 
lU.oligaUo„ofo.herin.egrU.,revie»edinHynes.R.O.Ce,U199.,69a,.25, 

loughthclodterintegrlnshave distinct se^uencesanddistincta-. parings «ta..,ow for 
iigand specificity, the highly conserved nat^e of the relaUvely small cytoplasnnc dontatns. 
^th between species and between subunits, predicts that related ntechanisnts wt.1 be 
responsible for the transduction mechanisms of many mtegnns. 
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c fiifnnl Trail'"''"'''"" , „;..,„ 

^e^numerou^obs^vationsonthebindingofcytoplasmrcprotemsto 

om-ina and other integri... i. is not ye. known whether U>e binding of any of these ,s , 
r:h.tegHnsig«altransductlonnorisitk..ownwha.regula. 

integrin. There have been several anempts to detennine whether phosphorylauon of the 

;:7«nlcdoma.ofOPmaand.UsresponslbleforOPnb..„asig»l^^^^^ 

^Isnrdies,dUcuss.dUlow.apparenUyoHgi...ed^m,,hesugges..onn«d.follow,^^^^^ 

of fiPIIIa and Bl which showed that tyrosine 747 
the determination ofthe primary sequence ofGPIIIa and pi , . .o^^ 

on the cytoplasmic domainofGPIlIaCand tyrosine 788 onthecytoplasmicdomamo^^^ 

are know, phosphorylation sites (Fitzgerald. L. e, .l.JBiol (.»S7, 262.3936 
Tamkmi,I.W.« a/., CeH (1986) 46:271-282). frPIIblllain 

No„«h.l.». th. involvement ofthe cytoplasmrc domam of GPllb-ma 
,.^.^.ransductioni,..erredf.ommutagen«Ue^^ 

• J • ofr.PTTh results in a constituuvely active receptor uiaiuu 

GPIIb has a regulatory role (O Tooie, i .c. ei « , 
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™a.io„s. demons and ote T^cauons of GPIIb-nla aff«,s *e ligand binding ac«v,cy of 
GPlIb-lIIa and its s.gnaling respond (Hughes. P.E. « .i,JB>ol CHem (1995) 270:124.1- 
12417- Ylanne, J. « cd.JBiol Chem (1995) 270:9550-9557). 

Chimeric, transmembrane proteins containing the cytoplasmic domain of 
OPIIIa, bu, not of GPIIb. inhibit the fimction of GPIlb-IIIa (Cher. Y.-P. e.ol..J all Biol 
,1994) 269:18307-18310). implying that free GPIIIa cytoplasmic domains bind protetns 
within cells and that this binding is necessary for nonnal GPlIb-llla function Several 
proteins have been shown to bind either the transmembrane domains or the cytoplasmic 

domains of GPUb or GPUIa. 

CD9 am.mberofthetetraspaninfamilyotprot.ms(LanaF.«d..JB«" 

*m(1991)2«:10638.10645),hasb.enfoundtointeractwi.hGPIIb-maonaggrega..d , 

platelets. P3^ndonexin, a protein identified through hybrid screening using the 
cytoplasmic domain of OPHla asthe "bait", has been found to int^ directly and 
se^eLiy with the cytoplasmic tail of GPUIa (Sha«i.. S. « IVo™ Hae.os. (1995) 
73 1190) p3.endonexin shows decreased binding to the GPIlIa cytoplasmic domatn 
.ontai.ing,h.thrombas.henicS752.Pmutation. Lis no. ye. l^own whether either of these 
GPlIla-binding proteins are involved in signal transduction. 

cytoplasmic proteins that bind to avp3 have also been describ«i which may 
be interacting with the integrin a. the GPIIIa cytoplasmic domain s«,uence. Bartfeld and 
coworkcrs(Bartfeld,N.S.«a/.,yKo/C*em(1993)268:17270.17276)used 
coworkers tD«i .k., , MW-190 kDa protein associates 

i™nunopr»:ipitation from detergent lysa.es to show that a MW 190 kDa p 
w,ththeaV,3..egrin.mPrX3P.s.imu.ated3T3cells..RS.lwasfo,.d.^^^^^^^^ 

„V,3 integrinfollowi.ginsulinstin,u.ationofRat.l «''-"^"» 
encodingthe human insulin receptor (Vuori, K. e, ai, Scle^> (^m 266:1576-1578) 
3 .l-conuininghybridpro^insalsohaveadominantnegaaveeffectonintegnn 

«mc.onimp.ying.ha,piintegrinsa.sobindcy.o,asmicproteins(LaFlamme.S.E.«<./..^ 
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CellBioH\m 126:1287-1298). The impomnc. of the cytoptenuc domain of pi is 
underscored by Ae demonsttation to, iu r«noval markedly reduces U.e adhesive activity of 
the integnn aSpi (Hyashi, Y. « oUCell Biol (1990) 110:175-184; Ylanne. U e, ol.JCell 
Biol (1993) 122:223-233). Mutations of defined sequences of the cytoplasmic domain of pi 
have been shown to decrease integnn recniitment to adhesion plaques (Resdca, AA.JCell 
Bioiam 1 17 1321-1330). Several pi cytoplasmic domain binding prou:ins have been 
described. Otey and coworkers (Otey, C.A. e, al..J Biol CHe. (1993) 268:21 193-21 197) 
have used synthetic peptides to map the binding site for a-actinin v«thin the cytoplasmic 
domain of Pl. Talin binding to a peptide corresponding to the cytoplasmic domain of pi has 
beenobserved(Horwitz,A.,.M/.,W<.«.«(1986)320:531-533). Argraves and coworkers 
(Argraves W.S. « al.. Cell (1989) 58:623-629) also us«i sy«th«ic peptides to show that , 
fibulin boiind ,0 the cytoplasmic domain of Pl . The m^^^. noncatalytic domam of 
ppUSFAKhasbeenfoundtodirectlybindtothecytoplasmictailof Pl andtorecogm« 
integrin sequences distinct from those involved in binding to a-actinin (Schaller. M.D. « o, 
7Ce//BW(.995) 130:1181-1187). Integrin-a^iated kinase OAK) is a tyrosine kmase that 
has been found to bind to .he cytoplasmic tail of pi (Hannigan. G.E. « Salure (1996) 
379-91-96). 

to order to d«ermine whether or no. OPnla was phosphorylated on tyrosme 
residues as a consequence of platelet activation, the following experiments were p«fonned. 
GPIIb-IlIa ftom control and teombin-stimulated platelets was analyzed for changes m 
phosphorylaionanditwasobservedthatstimulationcausedanincreasemUie 

ph„sphoryl.tio.ofGPma,bu.to.a.ephosphorylationwaspriman1,on«^^^ 
de.ectablephosphory,ationo(.y.sine(PaHse,L.V.«a/.,BW(.990)7 :2363.2 68). 

ConsiJwi.hti,esefindi.gs,avaHan.ofG,an»ann's— ^..hasbeendescnbed 

where dte deficiency of dt. pla«.e. aggregation response has been a»ib..«d to the 
repla«ment of a s«i.e residue in the cytoplasmic tail of GPIIla by a prolm. residue (Chen, 
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Y P e,d ProcNmlAcadSciVSA(\m)i^mt9.Wm). This implies that <he 
sequence that occurs for no,n«l GPlIIa is required for GPUb-IlIa sig.^1 transduoon, 
possibly involving the activation ofthe receptor function. 

Other studies have shown that the sequences of the cytoplastnic dotnains of 
GPllI^ Bl and P2 vvhich contain tyrosines axe important for normal fimctioning of GPIIb-lIla 
and of other integrins. Substitution of tyrosine 747 by alanine in GPIIU -'-"^ 
CHO ceils abolished GPIIIa-mediated cell spreading, blocked the recnutment of GPIIMIIa 
.opreestab.ish.dadhesionplaques,anddecrea«d,heabil.tyofGPn|>mato^^^^^^^^ 
lnt.rnaii.ationoff,bHnogen.oatedpartic.es(Vlanne.;.«....Br„,C*.«(l«5):70.9 
,557) Additionalexp.nmentsinthisstudyshowedftmhertha.substitutionoftyrosme759 
„alaninedecr.asedceUspreadingandtherecrui™entofGPnb.matoplaques,wb.,e 

dletionofthecatboxyterminalpentapepUdethatcontainstMssequettce.^ 
pronouncedeffectonth. fi^ctionof the integrin. These authorsconcluded-^^^^^^ 

LspreadUtgdoesnotoccurbecausethef^orsthatareabsolutelyrequ^^^ 

WnH *.ither the GPIIIa truncated at residue 757 or to me 
mediated cell spreading cannot bind either me uriii* 

:Lin..a....— --^----t-^-^^-^r 

.■ «^ intemt-cvtoskeletal interactions (ResAa, A.A. « cl. . J Cell Biol 
these mutations affect mtegrm-cytosKereuu ,,,jnooii 
(1992) „7:.321-1330)andintegrinac,ivation(Hibbs.M.L.«a/.,/£xpM.^(W') 
74:,227..238),resp.c.ive,y.Shnil3r.y,anmVmotifintheh,t.^P3cy,op^^^^^^ 
subt^ttailappe-s necessary formelanomace,lmigration(Fi.ardo,E «.Ma«S^^^ 

(,„5),30:44M50-,O-Tool.,T.E.yiHo/»".(l«5)270:8553.85S). 

Son^comtncntatorshavesuggestedthatthephosphorylauonoftsola^ 
.^,asmic.yrosh.eresidues^^pUcatedinsig„aitransducti„..F.e^^ 
, iUaLlatedftomhumanpUteletswerereportedtoserveassubstrates™ 

D e.a, F£S5(1990)262:M). Tl«.yr„sine(s)on,h.cyt„plasmtcdomamofGPmaalso 
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hav= b«n found ,0 be an ,„ v,« subs«.e for src (Elmore. M.A. e, aL. FEBS (1990) 
269-283-287) but i. ha. .0. been demonsttated that src phosphorylates GPIIU m v,vo. 
Other, have reported that these tyrosine residues are not phosphorylated during normal 

integrin function (HiUery. C.A, « aU Bio, CH.. (1991) 266:14663-14669). Thus. ne.*er 
of the GPIIla containing integrins. GPUb-lIIa or aVp3. are believed to be phosphorylated on 

Tyrosine phosphorylation of Pl has been observed, however, but only ,n cells 
overexpressing .Src (Hir«. R. , a,.,PNAS USA (19S6) 83:6470.6474). pi phosphorylatton 
coincideswithadecreaseiniheabilityoftheospimtegrintomediatecelladheston 

,„orv.t.A.«..,.<«.«,19S6,320:53..533)andadecreasein^eabiU^^^^^ 
.0 localize to focal adUsion plagues (Johansson. M.W. c, a,..JaU B-o, (1994) 12 .1299 
,309). tacreasedphosphorylationofthe cytoplasmic domain ofpi may decrease the btndtng 

of,a.inaap.cy,F.-'..~<>'«')«"-"'>- ^-^^'f""^' '^"^ 
3„ggestthattyro,inephosphoryla.ionofpih,sanega.ivee.rectonitsfin««onandthat 

. tyrosinephosphorylationof PI may be associated with a transformation phenotype. 
Llarly phosphotylation ottwo conserved tyrosines in the cytoplasmtc domatn of the 
Stmtlarly, pho p r, i„,,op„„,al fimctions in DrosopMa 

integtin Pp. subunit was found to be unnecessary tor 

rrrinhULY aal Devetomem (I'W) 120:91-102). 

' tgrinblg^a^csiveproteinsandhttegrinsignaltransducti™ 
wide variety of ph,sio.ogic..ro,es.asidenti.i.dabove.Enhancedsig«aling*»u^ 
integrinsallowsfor increased cel. adhesion and activation of intracellular stgnalntg 
::Le,wKichcausesenhancedceUmobi.itya„dgrow..enh«Kedce.lrespo.^^^^^^^ 
Imodulationsinmorpholo^caltransformations. Although integrins resins. ..^^ 
^,1 function have been described and signaling events are beginning to be eluc dated, the 

:I.»byw.chin.egrinstra,.ucesignalsrema^.o.aet.™-^ .o- 
,beevent(s)whichal.owforintegrininteractionswithcy.op..sm.cs.gn.l.ngmo,ecu,esw,l, 
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g.«Uy enhance *e un.e.»di„, of integrin fi^cion and w... provide fo, agenu »h.ch can 
Lu,a.e integrin Action. Such agen« be io, 0,e ueaunen. and d,agnos,s of a 
«.de specm^. of pa*o.ogies, nKluding >h. p^ce^es described above. The present 
;„ven.ondescribes*eeve„.v.Mchal,o»sford.ein.e,acUon<»v,Vo„fOPnb.na^.h 

:ln.arsig^h,g™o,ecu>esandpepMes™cn.swhichcanbensed.o.^^^^^^ 
signaling events. 

SUMMARY OF THE INVENTION 

The presen. invention is based in pa« on discovery *a. tyros^e res,due n 
^„y»p.asn.cdon«inofMbuni-fin«grinsre,uirephosphor,iaU„n.Wv„forsisnal 

111. Sig„ai.gpar»ersbecon.eassocia.ed»i.phosphor.,a»dc,»P^^^^ 
,„„«inswhiie.oassociaUonocc„rswi*in,egrinsubuni«iac.cu>gphosphory,a«d 

"°^'^°":;::::.scoveries,U„presen. — pro^desphosphoryia^d 

^.ae^«»^of.ec.pias„.cdon^of^^.-- 

used «. isolatt inttgrin signaling proKms and complexes, as age 

of signaling panners wid. in«gnns. and as wge» for dre d.velopn,en. of pham>aceuucai 

present invention .^.r provides n,e.hods for reducing or blocking d,e 

.^rtner Soccifically, the association 

3ssocia.ionofanin.e«i.witi..«~^^ 

of an inregrin witii a cytepteM^ s>gnahng panner can be Woe 

blocks the binding ot me-sipiaHn?t>«»« to tne m »i 
, „MchbindsU,d,ecy»plasoticdon»inofU,ein«grinoranag«,twh.chb„*»*. 

signaling partner. 
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Blocking iotegiin signaling partner associations can be used to modulate 
biological and pathological processes which require an integrin mediated signal. Such 
methods and agents can be u«d to modulate cellular attachment or adhesion to a substrate or 
another cell, cellular migration, cellular proliferation and cellular differentiation. 
Patiiological processes involving these action include thrombosis, inflammation, mmor 
metastasis, wound healing and others noted above. 

The present invention further provides methods for isolating integrin signalmg 
partners. Integnn s,gn.,ng parmers are tso-atea us,ng a tyrosine phosphorylated cytoplasm,c 
domain of a P-subunit as a capture probe. Specifically, a peptide contatmng the 
phosphorylated cytoplasmic tyrosine of an integrin is mixed with an extract prepared from an 
integrinexpressingcellunderconditionwhichallowassociationofUte p-subunit fragment , 
wiU. a signaling partner, Non-associated cellular constitu«.s are removed ftom the m«ti« 
and the signaling partne. is released from me p-subunit probe. Signatmg parmer, .solated by 
tins method are useful in pr^ antibodies and also serve as targets for drug developmem. 

The present invention fimher provides methods to identify agents whtch can 
blockormodulatetheassociationofanintegrinwithasignalingparme,, Specthcally, an 
agent can V. tested for tite ability to block or reduce or oti»rwise modulate the assoctafon of 
an integrin with a signalihg partner by mcuoatmg a peptide comprising me phosphorylated 
cytoplasmic domain of the p-subuni. of an integrin wim*s.,».«ng parmer ano a test agent, 
and det^nining whether the test agent blocks or reduces the binding ot.^,P>^' 
,0 tite integrin pq.tide. Agonists, antagonists and other modulators expressly are 

contemplated. ^ 
The present invention ftoher provides me^ods of reducmg me seventy of 
pamologica. processes which require integrin mediated signaling. Since ohosphorylation ts 
, Iquired for me association of integrins wim .y^i^m V^- as"» w^"> 
block ,n,egnn,stg«««m«« — "^"^ ^^^»^o. 
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and agents 
methods. 



which dephosphorylate phosphorylated tyrosine^ can be used in therapeutic 



BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 shows pairing of a and P integrin subunits. 
Figure 2 shows cytoplasmic domains of various integrin subumts. 
Figure 3 shows tyrosine phosphorylation of the integrin GPIIIa (P3) subunit. 
Figure 4 shows in vitro phosphorylation of GPIIIa (P3). 
Figure 5 shows the interaction of signaling protein SHC and OR B2 with 
tyrosine phosphorylated p3 peptides. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

I. General DescriptioD 

TT,. p««n. invention is based in pa« on identifying meehamsm by winch 
■ i„egrinsar.modi8edso*ntti,.ycanin«rac.wia,signa.in,pro,einsandsignal,ng 
CO.Z. .»*efoUo«ingExan^.es,da»a«providedshowingU«.OPma«e .y 
.p«U«d«a^sin.residuein.h.cy»p..».cdo»aindnringp.a«.e,ag^^^^^^^ 
Z ti». src and;), may b. .he responsible ki»ses. Ue high de^ of se,uence and ™«f 

homology fonnd around fl>e phosphorylation si» of .he oy,oplasnuo don«» of 
GPnia when c»,pared » U« corresponding stinc«re/se,nences found in oti.er P sub>^«, 
par.icular.yS..P5,f«andf,7s„b™ti.,predic.ti..yrosinylphosphorylation«^ 

L,i^n,.ch«usmforreg«..tingsign..pro«i.associationwitinnti»u,«^ 

V. present invention is toher based on identifying how » modify tagmen. 
, of UK p subuni. of an in«grin so ti^ ti>ey in«rac. witi, integrin associated signaling pro.e.ns. 
reLples,phospho,y,a«d,«ptidesco,respond..»P-.«f^oy»pl.snncdo„.„or 



Atty Docket No. 44481-5008-02 US 



-13- 



m 10 



i:0 



15 



an taugnn, for example, OPUIa, a. d=mons«a,ed .o bmd oytoplasn,. s,g„a.,„g pro.e.ns ana 
complexes while U,e .„phosphoryla.ed peptide did not The phospl,o,yla..d peptides also 
^^d .0 additional pro.ei„s of un«,own identity. The phospho^l^ed peptides can Pe ^d 
as an agen., o, se.e a. a iarge. for ^en., which can be used .o inhibit in«grin med,a.ed 
signaling, for example»inMbi.bio,ogicalp„«esses«,uiHngGP,Ib.mao,aVP3s,g„al 

„Lc.,on..u„her.phosphory,a.edpeptidescorresp„ndn,g»*ehon,ologo»s.^^^^^^^^ 
in tiie PI. P6 and ?7 subuni., or minucs of d,ese sequences, can be used as an agen. 
.erve as a «get for ag«.« which can be used .0 inhibi. signaling for oU,er integnns 

containing these p subunits. . . r , 

The present invention is ftmher based on *e develonmen. of meti^od. for 

isolating inte^ signaling pro«ins.Phosphory.a.ed peptide P'"^^*-^""*' 
cytoplasmic domain of in«^ 6 subunits are used as caon« probes to ,so.a« ,nte.rm 
rso^iatedsign.ingproten.,Dominant„egativeproteh..DKMe„codmg,^^^^^^^ 

antibodies to these signaling proteins, peptide Iragments of these prote^s or mmucs of these 
::rriybe..rllln.oceUstoafrec..«gr.^o. addition..,— 
pLvideanove..argetfo,scr.eningofsyntheticsmaUmo,ecu.esandcombma«.nalor 

:::;,yoccurringLpoundlibraHes.odiscovernove,th«apeutics.o«^^^ 

utilizing.h.»obs.rva«ons,ti.epresen.mven,.onp»v,desme.hodso. 

identifying tyrosine phosphoryUtion sites on integrin p subunits. methods of identifymg 
::Lrig«l.gpar,n«sw.chassoc.tew..hphosphoryl^^^ 

al for integrin n«diat.d signaling, methods .0 identify agents wh.ch block tntegnn 
:::a!:cyto^csign.ang.and.herapeutict«sforagen.w.chmodu.a.eu.«^ 

mediated cytoplasmic signaling. 
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II Specific Embodiments 

A. Tyrosine Phosphorylation Sites in the Cytoplasmic Domain of Integrin P 
Subunits 

In me Examples, daa are presented which demonstrate that the tyrosine 
residuesfotmdwithintheewlasmicdomaincfthepsubnnitofanintegrinare 

phosphoryiated i» viw,. Upon phosphorylation, cellular signaling parmers found wtthtn the 
cytoplasmof,hei.,egrin.xpressingcellbecomeassoci..edwiththepsubuni.. These 

signaling parmers do no. become associated with cytoplasmic domains of P subumts whtch 
lack a phosphorylated tyrosine. Based on these observaUons, one aspect of the present 
invention provides, as examples, the amino acid se,uence of the cytoplasmic domam of 
integrin P subunits ,vhich, upon phosphorylation, become associated with signaling protems , 

and complexes. 

In detail, the ^ r.y^^ provides six (J subunit peptides possessmg a 
, ty^sineresiduewMchcanbelsphorylatedbyacellular^^^ 

domain sequences of e^h of the Lr-t"*"^ " ™* 
phosphorylation site identified, are\ 

^ ^ c XI o T vkPft VK-S-A-V-T-T-V-V-N-P-K-Y(P03)-E-G-K- 

COOH 

^ subuni.: m.D.L.R.E.V(PO,>R.^-E-K-E-K.L.S-Q-W^^^^^^^ 
COOH 

pSsubunit: >«.D-T.A.K.N.p.L.V(P03, V^-S-T^^^^^^^^^^ 

COOH 
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Y(P03 ).n-g-t-\Nd-cooh 

^ Q.K.V-D-L-S-T-D-C-CO^H or 



NH-Q-T-G-T-N-P-L 
COOH 



•Y(P03)^ 



^G-S-T.S-T.F-K-N-V-T.Y(P03)-K-H-R- 



15 



. ^ ^ n o-L-N-W-K-Q-D-S-N-P-L-YCPOj)- 
,0 pvsubuni.: NH.D.R.R-E-V(P03)-S-R-F-E-K-eY'3^«*' 
K-S-A-I-COOH 

■ ,e<,m«v<ui« amino acid substitution r.te«.al«raaomm 
AS used l«r.m. a »ns«vaf ve ^ 
,«3n^oacidse^n«witi*^notadvc«lycff-*^^^^^^^^^^^ 

peptide or the ability Of the phosphorylated pepude 



20 
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example, *c ove^ll charge, s^c^re or hydrophob,cA,yd,ophi,ic properties of *e pepude 

:a:.,ere.wi*ou.a.versel,e<rec.,„s.epep«ae.Accor..^^^^ 

of*ea^vepepUde.ca„beai«red,forexa.np,e,ore,^*ep.p,id.more.ydroph^^^^^ 

Hyarophilic, Lu. adversely effecUng *e abiUry of *e pepUde .0 become phosphorylaud 
or *e abiliry of *e phosphorylated peptide to associau wi* a signaling pa«n«^ 

ordinarily, 0,e pepUdes and a^logs hereof claimed herem wU have an 
amino acid sequence having a. lea., 75% amino acid sequence idenU.y wi* *e disclose 
Tp esJ-cy,opiasmicdoma,nsof..n«gr,ns(s.hasd,ose.s.osed.^^^^^^ 
L 4-8), more preferably a, leasee/., evenmore preferably a. leas,mandmo« 
preferaiya..eas.95%. ,de„ti.y or homology wirh respec, .o such sequences ,s de me 
:;aslpercenugeofaminoacidresidues...candida«s.,.Knc..ha.are>den«^^ 
!Li»olpepUd.s.af^raligmng.he sequences andin»oaucinggaps.,fnec«s^^ 
:rremar>m.perce„.homo.„gy,andno.co„sideringa.yconserva^ivesub^^^^^^ 

1 of dre s«u.nce ide„.i.y. None of N-terminal, Cerminal or in«mal ex.e„s,ons, 
as part of dre sc^ce ,d J ^ ^^^^^ 

deletions, or insertions into the pepuaescqu K;<«-t nf this 

T„us, d« claimed pepddes and analog molecules .ha. are d,e subjec. of *rs 

i^^n-ionincludemoleculeshavingrhese^uencesdisclosed^fiagmen^..^^^^^^ 
ronsecuUvese,ue„ceofa.,eas.abou.3.5,.0or.5aminoacidres,dues6on,aK 

rr::z:-rc:-..edabove«.ch.ve^su^^^ 

l"^drCon«mp.a«dpo.ypepUdes^ludea.osecon-ngprede«n^^^^ 
anotner resiouB. v. r j;,^t«i or PCR mutagenesis, and the 

„uu.onsby,..,homologousrecom„«^^^^ 
- correspondingcy-oplasmicdon^in^ly^a^^o.^ 

limited to rabbit, rat, munne, porcine, bovine, ovine, equi 
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o, hav. been modified, by chen.ica>. e^,nauc. or o*.r 

ao„™pria.e means, to anach a moiety other than a naturally oceumng ammo acd (for 
I rraltablemoletysucbasanen^eorradl^^^^^^^ 
„::onofa.lycosylatlonsU.ordelet,onofany..ycosylati. 
lltuuonofappropr,ateaminoac.,;a„d»l.blefonnsaswellas.,revers,bly 

'"^^"'^'TnLpro.elnsandpeptlde.ofthepr.se^^ 

which share a common biological activity with the disclosed peptides, ^^^^^"'^ 
21tobein,phosphoryUtedb,tyrosine^estha.phosphorylatenauv.cytopUsm.c , 

- — =r;ior::r=-::— 

orpolypeptidesimder35U.S.C.§103. n „ Mmtifr and isolate 

AS described below, these peptides can be used. 1) to tdenuty an 
• , ^aiinm^hodstoidentifyagentswhichbloclctheassoctauonofan 

° '"'^"'^'"^ir^alllnofaninte^wi.hasi.nalin.p^^ 
as a therapeutic agent to block tne asswia 
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Nucleic acids encoding the foregoing peptides also a« contemplaud as par, of 
*e presen, invention. For purposes otdus invention, "nucleic acid" is defined as RNA or 
DNA ^ encodes a peptide as defined above, or is complementary to nucleic acid sequence 
encoding such peptides, or hybrtdi«s to such nucleic acid and remains stably bound to ,. 
under stringent conditions, or encodes a ^lypeptide sharing a. least 75^. sequence tdent,^, 
preferably at least 80%, and more preferably at leas, 85%, witi. <^ p.P«^« '> ^ 

Ually a. leas, abou. 9 nuc.eo,ides in lengU. and specifically con«mpla.ed a« genom.c 
DNA, cDNA, mRNA and antisense molecules, as well as nucleic acids based or, an 
.«rna,ivebac.boneorinclud.gal,e,na.ivebaseswhetherderived.^mnati^.^^^^ 
synd,esi«d. Suchhybridizingorcomplemen.a.ynuc,eicacid,however,.sdcfinedtotheras 
Ignovelandunobviousoveranypriorartnucleicacidmcludingthatwhichencodes, , 

peptide, according to the present invention. 

.S,ringen,conditions"ar.,hosetha.(.)employlowiomcs«ngti,andh.gh 

. .empera»eforwashing.forexample,0.015MNaCl/0.00,5MsodiumtitratWO.%SDSat 

50»C or (2) employ during hybridisation a denaturing agent such as formamtde, for 
::p IJol) — .th0.1%bovineserumalb^^^ 
polyviny,pyrr„U.one/50mMsc^umphosphatebufrera.pHe.5.^70^^^^^^^^^^ 

Ldium ci«« a. 4rc. Anoti.., example is use of SC/. formamtde, 5 x SSC (0.75M 
075 M sodium citrate). 50 mM sodium phosphate (pH 6.8). 0.1% sodtum pyrophosptate, 
Z^so.uti™.so,.ca«ds..nonsp«mONA(50.,n.),0.1%S 

i;^42'C.,v.,hwashesa.«.C.in0.2xSSCandO.,%SDS.Aski.,edaritsanc. 

lyde.ermineandva.*es«ngencyconditionsappropriate,u,ob,^aclearand 

detectable hybridization signal. 
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M used herein, a nucleic acid molecule is said .0 be ••isolated" when *e 
„„cl=,cacidn,oleculelssubsu„«all,sepa..edftomcon— nucleic acidencod,., 

other polypeptides from the source of nucleic acid. 

B M..h.ds.oId.n.i^I...grinC,«.pl«mi.Sig..lin«P.rmer, 

In detail, an mtegnn containing a p suouiu 

•J . nentide containing the phosphorylated cytoplasnnc 
ty-- »' 7'"'^;^. „ of. cell which expresses an 

tyrosine of ft. P subunit. is tn^ed with an extract «^ ^ „i,h th. 

.^underco^tior^wMch^ow^-"--^^^^^ 
asignalmgpanneraresepar. ^„„,^ 3^ srf,.r analy«d. 

'^-^'^"::;^rnrrp:phor,ia.edt.^^^ 

.„.oftheXcanbeusedforid».^a.i.aJng»^ 

Tl4aei)articularlyincludediepi,p2,P3.?5,po,p'ai> v 
signalmg partner. particularly exclude psubunits in which the 

°-^^t"°"fcZ-'-Jorleucin.U,an.TAMn,otif(^^^^ 

scope of the present invention 

TO identify and isolate a sipaling -"l^-J^na.^,,,^ ^^^..^ , 
he,«odin.er,containinga„asubunitandPsubunit,canbeused.Altema.. 
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conditions found in the cytoplasm of an integrin-expressing cell. Features such as 
osmolarity, pH, temperature, and the concentration of cellular extract used, can be varied to 
optimize the association of the integrin with the signaling partner. 

After mixing under appropriate conditions, the integrins or integrin peptides 
are separated from the mixture. A variety of techniques can be utilized to separate the 
mixture. For example, antibodies specific to the integrin peptide can be used to 
i„recipitate the integrin and associated signaling partner. Alternatively standard 
chemical separation techniques such as chromatography and density/sediment centrifugation 
can be used. 

In a.e examples below, a biotin moiety is lirited to the synthenc pepude 
containing tlte phosphoryUted cytoplastnic t^sine residue. After mixing, the peptid«nd 
associated proteins are separa.«l 6om the using avidin or biotin-specific anf b«d.es. 

After removing nonassociated cellular constituents found in the extract, the 
signalingparmercanbedissociatedfromthemtegrin/signalingparmerp^rusing 
: conventional methods. For example, dissocia^on can be accomplished by altering the sal. 

concentration or pH of the mixture. 

To aid in separating associated integrin/signaling partners pa« ftom the 

mixed extract, the P subuni. peptide can be immobili«d on a solid support. For example, a 
pepUdecorrespondingtothecyU.plasmicdomainofp3integrincanbea.tached.oa 

riellulose matrix or acryUc beads. Anachmen. o. the mtegrm peptide to a sohd support 
^ds in separ-ing the peptide/signaling partner pair ftom o*er constimen. found m 

The identified signaUng par«.ers can be either a single protein or a complex 
n^ up Of «vo or more pro«ins. In the examples below, a peptide conuimng the GPlJIa 
,^plImicdomainwasusedtopurify.previouslyuncharac.«i»d230..Dpro«m. In 



20 
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addition, this peptide was used to isolate a signaling complex containing the she and grb2 
proteins. 

C. Use of Isolated Signaling Partners 

Once isolated, the integrin signaling partners obtained using the above 
described methods, can be used for a variety of purposes. The signaling parmer can be used 
to generate antibodies which bind to the signaling partner using techniques known m the art. 
Antibodies which bind an integrin signaling partner can be used to assay integrin signalmg, 
as a therapeutic agent to modulate a biological or pathological process mediated by mtegnn 
signaling, or to purify the signaling partner. These uses are described in detail below. 



D. Methods to Identify Agents That Block Integrin Cytoplasmic Signaling 
Partner Interactions 

Anotha embodiment of the present invention provides methods for 
15 identifyingagentsv*ichred«eorbloclcthe=ssoci«ionotanin.eg.inwithacytoplasmic 

■ sign^mgpa«n.r.Spec,«cal.y,an,«,.grm,a|)subumtof»integrin.orap.ptidecont^g 
the phosphorylated cytoplasmic tyrosine of a B -bunit is mixed with a celiuUr extract m .he 
presence and absence o. an ag«. to be tested After mixing under conditions which allow 
association of the integrin or peptide with a sipuling parti>«, the two mixtures are analyzed 
20 and compared to d«emune if the agent reduced or blocked .he association of fte integnn or 

peptide with to signali-g partner. Agents which block or reduce the association of an 
i„,egrin«i.h.sign.lingp.rm«v«ll be identified as decreasing d,e amount of association 

present in die sample containmg the tested agent. 

AS used herein, an agent is said to reduce or block ir,tepin/cytoplasm.c 
Siting pawner assocatton when Ute presence ot me agent decreases the extent to wh.c» or 
prevents Ute s,gnali„g partiter ftom becommg associated with an integrin or integrin pepud. 
ftagment containing the phosphorylated cytopl^c tyrosine residue. One class of agen. 
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will «du« or block *e associauon by bindmg «> fte signding panner while another class of 
agents will reduce or block the association by binding ,o the cytoplasmic domain of the » 

integrin. 

The integrin peptide fragment containing the phosphorylated cytoplasmic 
„rostne residue used in this method can either be the enUre isolated P subunit. or a fragmem 
of the P subunit which contains the phosphorylated cytoplasmic tyrosine residues. In some 
of the examples that follow, a synthetic p^tide spanning the cytoplasmic domam of GPUla 

is used. 

•n,e signaling partner used in the above assay can either be a fully 
Characterized protein or can be a partially ch,ract«iz.d protein which has been identified as 
tL.gpresen.Lacellularextr.ct ,tv.ll be apparent to one of ordinary skill, the art that so, 
long as the siting partner has been charac.«i«d by an idendfiable property, e.g.. 
molecular weight, the present assay can be used. 

Agents which ar. assayed in the above method can b. randomly selected or 
. rationally selected or designed. As used herein, an agent is said to be randomly selected 

when the agent is chosen randomly without considering the specific sequences mvolv^ m 
..assocuLof the .t.grU.wi.hthesignalingpar,ner.Anexample of randomly selected 

agentsistheuseofachemicallibraryorapeptidecombinatoriallibrary. 

AS used he«in, an agent is said to be raSont-ly selected or destgned when the 
agent is chosen on a nonrandom basis which takes into account the se,u«». of the target s,« 
:::ritsconfo,n.tionU,connec.ionwia.theagen.-saction.Asdescribedab«v.the^ 

two sites of action for agenu which block integrin/signaling par,«r mteracon: the 
phosphoryla.edcytopl.sn.cdom,inofthePsubu„itorU»signalingpar,n«.A^^^^^^^^ 

LioLiyselect.aorra.ion.aydesignedbyuaaz.gthepeptiaes.uenc«w^^^^ 
. a,econ.actsit.softh.in,egrin/signalingpa.»erpair.Forexample.arauonallys.lec.ed 

■ ::Z».canbeapep.idewhoseaminoacidse,uenceisidenacait„thephosphoryla^ 
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cytoplasmic domain of tategrin. Such an ag», will tcduc. or block Ac association of the 
integrin with the signaling partner by binding to the signaling partner. 

The agents of the present invention can be peptides, small molecules, vttamm 
derivatives, as well as carbohydrates. A skilled artisan can readily recognize that there U no 
limit as to the structural nature of the agents of the present invention. 

One class of agents of the present invention are peptide agents whose ammo 
acid sequences were chos«, based on Ute amino acid se,«nce of the cytoplasmic domain of 
the P subunit of a particular integrin. Such a peptide agent can be modified prevent 
dephosphorylaaon of the tyrosine residue using techniques which are well known in the art. 

TTte nomenclan« used to describe the peptide agents follows the conventtonal 
practice where the amino group is assumed to be to the left and the carbo.y group, 

t„therightofeachaminoacidresid„einthepep.ide.In.hea«unoacidse,uences 

representingagentsofselectedspecificembodimentsofthepresent — 
clxy-termina. groups, althoughoft^tnotspecifically shown, wiUbeunderstoodto be m 

,l„formtheywouldassumeatphysiologicalpHvalues,unlessotherwisespec,fied. Thus, 
the N-terminai H', attd C.t«min.l O" a. physiological pH are understood to be present 
though not necessarily specified and shown, either in specific examples or in genertc 
formulas. Free Sectional groups on the side chains of the amino acid restdues can also b^^ 
ntodified by amidation. acylation or other subsdtution, which can. for example, change 
solubility of the compounds without affecting theii activity. 

to the peptides shown. e«=h gene^cod«l residue, where appropnate, .s 
representedb,.singl.l...erdesigna.ion,corresponding.oth.trivialt«meot,heammo 

Itre;ciJ.p.i--w.inU,epresentapp.ica.ion,.he.formofany^^ 

residue having an opUcal isomer is intended. ■.f„™.,h,c- 
All of the pepdd. agents of the invention, when an ammo actd fonns the 
' t«minus,mayb.inthefo,mofthepharm,ceuticaUyaccep.ab.es..sores.e,s.Sal.sma^ 
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fo, — Na-, r, C", U," and ,U.e; es«« a« ,cne«lly ^-"f 

,„ all of*, peptides of*. — , one o, more amide linkages ("CO-NH-) ma 
optionally be replaced wi* anote linkage which is an isos«re such as .CH:NH-, -CH.S-, 
-CHXH, -CH-CH- (cis and trans), -COCH,-, .CH(OH)CH,. and -CH,SO-. TTus 
^,a«.nent can be mad. by methods known in the art. The following 
prep=«.ion of pq>.id. analogs which include these altemativclinking mo.enes: Spatola^ 
lTKe««0«r^Pep.id.BackboneModifica.ions-,g.neralreview,(m3,l(3,.,^ 
lF'in-CKen.s.,yandBioch«nist,yofAnUnoAcidsP.p.id.sandPro.eins;B.W.u.^^^^ 

::lllOcr«.KewVorM.:«K.S3,(g.n.ralre.ew,Morl.,...^^^^^^^^ 

.Kl,,0,PP..3.«(generalr.iew,;Hudso..O.,«.U...^^^^^^^^^^^ 

( TH SV Hann, M.M., J Chem Soc Perbn Tram I (1982) 307 314 ^ c , 
12irr«»/.,.M..C*.Mi9S0)a3:,3«-,39S(.COCH.,;«.Whi.e.C.^ 

- 1 4 Is (.982) CA-97-39405 (.CH(OH)CHr); Holl»toy, M.W.. e, oi, UtraH^o. U« 
' ' \.epe^d.agen.sof,heh,ven.ioncanb.prn-dusingst^ 

non-go.e^e<i™i~*=i'^""°'*'"""^- 

Anotherclassotag«.tsofth.preso.tinventiona«an,.bod.es 
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of *e phospho,y,a»d cytoplasmic domain or « par«» in«nded » be by *e 

anybodies. Cntical reg,o„s include ^ conuc. si«. involved in *e associauon of *e 
integrin with a signaling partner. 

AnUbody agen« are prepared by immunizing suiuble mammahan hos« m 
appropHa« immuni^Uon pro«Ko.s using U.e pep«e hap«ns alone, if ^ey are of sumcien, 

or, if desired, or if required .o enhance immunogenicity, conjugaud » su,.b.e 
carl MeUrods for preparing immunogenic conjuga«s wiO. earners - as BSA, KLH, 
orcarrierpro«insarewe„lmo»n..ear,.,nsomec^ums»nces,d^r.-^^^^^ 
^ing f„rexamp.e,carbodiimidereagen.maybeeffective;i„oU.e,ir«Uncesimk^^^ 
::isuc.asU,osesuppUedbyPierceChemica.Co.,RocHord..U,may.des^.» 

;^deaccessibiUry».eHap«n. --P«"P«P«-— "^"^^^^^^^^ ' ' 
arboxy terminus with a Cys residue or interspersed wim cysteme restdues. for ex^plMo 
f^tliini^ingtocarrier. Administration oftheimmunogens is conducted gener.^ by 
;^;L„verasuitab.etimep«iodandwi.huseofsui.ab,eadiuvants,as,sgenem^^^ 
: ZiL.thear. During..— tionsch«^.,.««ofa.tibodiesareta.»^ 

Hetermine adequacy of antibody formation. 

wJl. the polycional antisera produced in this way may be saus.^.. for 

r^tidehapLoris..«S.norsign-.gpa.,«.i«>f^^^^^^ 
i^ortaazed cell culture secr«ing the desired antibody ts tdenttfied. the celh can be 
■ 5 either in vi<ro or by production in ascites fluid. 
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The desired monoclonal antibodies are then recovered 6om the culture 
supernatant or ftom Ute ascites supernatant. Fragments of U,e monoclonals or the polyclonal 
^tisera which contain Ute immunologically significant portion can be used as antagoms,.. as 
well as the intact anybodies. Use of immunologically reactive fragments, such as the Fab, 
Fab' of F(ab'), fragments is often preferable, especially in a merap««ic context, as these 
ftagmentsaregeneraUylessimmunogenicthanthevAoleimmunoglobulm. 

The anUbodies or fragments may also be produced, using current technology, 
hy recombinant means. Regions that bind specifically to the desired regions of receptor can 
alsobeproducedinth.con.ex.ofchimeraswithmultiplespeci.sor,gm. 

Tie antibodies thus produced are usefiU not only as modulators of the 
3ssociaUonof,nin.egHnwithasignalingpartner,butarealsousefr.inimmunoa^,s^r , 

detecting integrin mediated signaling and for the purific^ion of integrin-assoctated stgnalmg 

proteins. 

E. U.«f.rA«.....b..BI.cktl,.A,..ci.ti.».f»ta««»ri.with.Sign.Ung 

Partner . 
AS provided in the Background section, integrins play important roles m 
in^Uular signaling, cellular attachmen^ceUularaggregadonandcellularn.^^^^ 

Agents which reduce or block the interactions of an intepin with a cytoplastmc st^mg 
^ercanbeusedtomodulatebiologicalandpathologic processes assoctatedw-thtnte^ 

'"''""'"tllabiologica.orpa.hologicalprocessmedia.edbyan.^^ 
modula.edbyadn«s.ering.«asubjectanagentwMchb.ocks.hein.eractionofaninte^ 

With a cytoplasmic Signaling partner. , i c ;« 

Asusedherein.asubiec.canb.anym»nm.l,solongasthemammal.m 

„e^ofmodula.ionofapatho,ogicalorbio,ogicalprocessmedi,.edby«,in..^. TT-c- 
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"manunal" is mean, an individual belonging .0 the class Manunalia. The invention is 

panicularly useM in the treatment of human subjects. 

As used herein, biological or pathological process mediated by an mtegrm 

refers ,0 the wide variety of cellular events in which an integrin binds a substrate producing 
5 an in^ellular signal. Examples of biological processes include, bu. are no. hmtted .0 

cellular atuctanen. or adhesion » subs«tes and odrer cells, cellular aggr.ga.ion, cellular 

migralion, cell proliferaUon, and ceU differentiation. 

Paftological processes refers .0 a category of biological processes which 

produce a deleterious eftea For example, Ihrombosis is flte deleterious attachmen. and 
10 aggregation of pla.el«s while m^astasis is the deleterious migration of nmror cells. These 

patitological processes can be modulated using agents which r«luce or block 
mttgnn/sigdaimgparmerassocianon. 

AS used herein, an .g«.. is said «, modulate a pathological process when tite 
agent reduces the degree or severity of *. proces. For example, an agen. is said » modulate 
rs - thrombosis when ti« agen. reduces U-e attachment or aggregation of plattlets. 

, . Biological and Pafl»logical process mediaKd by !n«grins contiuning the pi 

Anumberof differentasubuniBcancombinewiththe pi subunit These 
a„ integrins fon. a group of proteins known as VtA (very late antigens) since 0,eir appearance 

aipi (VLA-l) binds both collagen and laminin and is present on a number of 
cell.yp.s,i.cludingsmoo.hmusc.ecells,mo„ocytesa.dactiva,edTlyn^h«^^^^ 
integrin plays a role in c«,ain human in«stinal inflamoB^ry diseases (MacDonald, T.T. e, 
25 a/.„/Clini'<KA(199»)43:313-315). 
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a2pi (VLA-2) also binds collagen and has a widespread cellular distribution. 
It is present on both B and T lymphocytes, fibroblasts, endothelial cells and platelets (Giltay, 
J.C. et al. Blood (1989) 73:1235-1241). This integrin plays an important role m wound 
healing (Schiro, J.A. et a/., Cell (1991) 67:403-410). 

a3pi (VLA-3) binds multiple ligands including laminin and collagen. Us 
cellular distribution is also broad and this integrin is involved in cell-cell adhesion (Kaufman, 
R etaLJCellBioliym 109:1807-1815) 

a4pi (VLA-4) binds fibronectin and VCAM-l, with its expression bemg 
restricted mostiy to cells ofthe immune system. 

aSpi (VLA-5) also functions as a fibronectin receptor and has a wide cellular 

distribution. . 

a6pi (VLA-6) mediates adhesion » laminin and again « wdely distnbuted. 
^ laner four iniegrins have been sho™ «> act as co-stoula»,y reeepiors 
for T lymphocytes which have be«. p«tially acUvated by T ceU receptor stimuli, and a 
-. number of the f,. integrins have been shown to have outside-in signaling (r^ewed m Hynes, 

R.O.Ce« (1992) 69:11-25). 

2. BiologicalandPathologicalprocess.sm.diat«ibyIn,egrinsco„tainingth. P2 

The P2 subunit can pair with three different a subunits. namely oL, oM and 

ox' All threeof these integrins are expressed mainly in cells ofthe immune system and have 
be^showntoplay rolea^h^ammatory processes, Patientsexist Who lac.thep2subumt 

(,«m«d LAD. 1«*«^ d.fici«.cy) and these pa.i«.ts show an mcreased 

s^eptibUity to bacterial inf^ons, chronic granulocytosis and laclc of pus formauon 
(reviewed in Anderson,D.C.«<./../.m.«-MeJ(1987)38:175.194). 
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aLP2 (LFA-1 leukocyte ftmcUon associated antigen 1) is found on 
iymphocytes, granuiocy.es. monocytes and macrophages. „s expression ieveis are mcreased 
on memory T ceiU. TOs integrin functions in mediating the binding of leukocytes to the 
epithelium during inflammatory responses, a process that involves its binding » ^e Itgand 
5 iCAM-Uintracellular adhesion molecule.). Lis also involved in a numb« of me munune 
fi„c.ions«,riedou.b,Teel.s,e.g..adhesionofcy.o.oxlcTce„sto.heir,arge.s(rev,ewed 

inLarson,.tS.«a(../m™»o/*ev(1990) 114-.181.217). 

<M62 (Mac-l) found on monocytes. m«:rophag.s, granulocytes and NK cells. 
This integrinmediatesadh.rencetobo.h™«ixa„dceUsur^epro,«ns. Its ligandsm^^^^^ 
0 InogeMac.orX.C3biandlCAM-..Uplaysarol..neu.r„phllb.d.gtoendothel.al 

cellsandsubsequentextiavasadontositesofinflammation. .t ' 

0X^2 (,150.95) is expressed on monocytes, granulocytes. a«.vated B and T 
«lU,NKcel.a„da.hlghl.velsonmacroph.g.s.Uisamarlcer,.rh^.euke™^^^^^^ 
Fibrmogenisaligandforthisintegrin. Again, this integrin appears to be mvolvedm 

IZ:ryresUp.ay----™-^»^^"'~^^t'°T 
lal.hough.helig».donth.endothelia.cel.rem.lr.uniden.in^(seeLarsonand 

Springer review). 

3. BiologicalandPahologicalprocessmediatedbylntegrinscontainingthepS 

" T«oknov™p,rinpof.heP3subunitb.vebeenob,erved:wi.haV.omake 
„vp3.theVl.r<»«ctinRecep.«;and^.hGP.n,tomakeOPnb..n..en^^^^ 
Raptor avp3 iswidely distributed, is the most promiscuous m«nber of the mtegnn 

. . • Tk. Kiftloffical orocesses mediated by av pi are 
0 ^ the R-G-D sequence on the adhesive protein. The biological procc 
" :ll:cludeb<»«reso,^on.anglogenesi..umorn«.»..^ «V,3,s 
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known to signal upon adhesive protein ligation (Leavesley. P.I. et ai, J. Cell Biol (1993) 
121; 163-170). As an example, endothelial cells undergo apoptosis when relieved of ligation 

(Brooks, P.C. Cell (1994) 79:1 157-1 164). 

GPIIb-IIIa, by contrast, is restricted to platelets and cells of megakaryocyted 
lineage although a report has appeared indicating that GPIIb-IIIa is present in tumor cell 
lineages. As discussed in detail elsewhere in this application, the function of GPIIb-IIIa is 
primarily to bind adhesive proteins to mediate platelet aggregation. In this function, GPIIb- 
IIIa participates in both inside-out and outside-in signaling. Decreased receptor function of 
GPIIb-IIIa leads to bleeding; elevated receptor function of GPIIb-IIIa can lead to thrombus 
formation. Studies have appeared indicating that platelet aggregation through GPIIb-IIIa 
may also be involved in tumor metastasis. 

4. Biological and Pathological processes mediated by Integrin containing the pS 

subunit: 

-n,e exact function of this integrin is not clear, however evidence exists that 
■ activationofareceptortyrosinekinaseisrequiredinorderforcarcinomacellstomigrateon 

vitronectin using avfS (Klemlc., R.L. e, a,., J all Btol (1994) 127:859.866), Interestingly, 
this integrin (as well as the c.v|i3 integrin) may act as receptors for adenovirus entry mto cells 
(reviewed in Nemerow. O.R. « a/. , Trends in Cell Blot (1994) *52.55). 

5. Biological and Pathological processes mediated by Integrins containing the P6 

subunit: 

P6 is exoressed during fetal development, as weU as wotmd healing and m 
epithelialtumorswhichsuggestsitmayplayarolemepiiheUalnngration Its expression can 

; be induced in l^ratinocytes treated with TOF-pi , implying a role for this receptor in wound 
healing(Zambruno,G.«a;.,yaHBW(1995)l29(3):853.865). This integrin bin^ to 
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f,bro„«.m and te= Is evidence *a. *e p6 cy«,p.asmic domain is impor^n. for some of „s 
ft„„io„. Expression of av^ in a human carcinoma ceil line enhances *e proliferarwe 
abili., of d,ese celis in in v.>o and /n .,vo assays, bu. muun. wi* deleUons of *e carboxy 

, • ^««,oin no loneer showed this enhanced proliferation (Agrez, 
terminal ofthepe cytoplasmic domain no longer snowea 

M. et ai, J Cell Biol (1994) 127:547-556). 

Biological and Pathological processes mediated by Integrin containing the P7 



6. 

subunit: 



Two p7conmningin,egrins have been idenffiedd-us far. Thesearea4p7 

and aEp7 and appear » be expressed mostty on leukocy^. m particular small in«sUnal 
:«l.ymp^ry«s(Ni,3,«.,..Ce« — (1995)161:166.172). Their expression . 
l"Lonp«iph«almonocy«s.andmonocy»idce.nU«s,wi.^ 
:land.FN.whichpromo«ma.uraaon«,d,.macropha«.s».eofd.velo^^^^^^^^ 
st.;,Surl.-(.995)25.,M.7,.T1«s.in.esrinsplayaro,e.m^.d,el.^^^ 
; hoLs. T,>e,i.and,for.4,7inc.ude«brone«.andVCAM.l bu. no .i.ands have ,e. been 

identified for aEp7. 

F lBhibitonofKi»M.sth.tPho»phoryUtel«tetrim 

■ T^p^inv«.«onted.erprovid.smed>odsforrcducingorblockmg 

0 .«^m«.a«dsi^which,.,yonbloc^Sor,.duc...he,.e.ofphospho.^^^^^^ 

ofrsinerc^duesfoundin^ecy^plasmicdomainofMbunit SuKetyrosme 
pr^L.>.vM,isre,uir.dfor*eassocia.onofan.»^wi*asi^u.parme. 

!:lorb.oc.caseor.yrcs.y.phosphory,ation.H«sul..modu.a.in.reduc^^ 

eliminating integrin medialed signals. u^v^bv 
Ind..aU.in«gri«mediat«isignalingcanb.r«h«edorbloclc«iby 

25 maeu". ,-..„fnmMiae kinases. Wteniaovely, 

administering to a cell an agent which inhrbtts ^ acuoo of R^sme kmase 
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„^i„, can b, reduced by supplying exogenous .y^sine phospha.3« or by incrcas,ng *e 

activity of cellular phosphatase. „:fthP 
- ^„«dhe«,n,»agen.issaid,oinhibi.*ea«io„ofa.yrosm.k.nase,f<he 

a.emca„redu«or.Ununa«U,eac.ivi,yofatyrosinekina«. A numb« of agenu arc ^ 

::::n:.own.bIcbcanrcaucc.cacU..ofryro.inc^,.^^^^^^^^^ 
„™.cd.oGcms,cmandHcrbimycinA(abe«noidan»mycm«*rb.»r. 

Asu«dhc«in.anagc„.issaid.oincrcase*cac«vityotac.UuI.r 

T^.gcn«of,h.prc«n.inv.n.o„ca.b.provid.da.o«.oru,— 
- ..ano*«agcnuln,od.U«apa.cu.arpaO».og>c.^ss, 

1 arc said .o b. ad»nnis«r.d m combination who. U« two agcnu arc 

—r—^r..,^^— ------- 

° ^'""""'Caglotpr^en. — canbcad-s^rcd^apar^^^ 

..crna...y,orc„nc».nUy,adn^»a-.y^^^^^^ 
..„>nis«rcdwil,b.d.pend«.upondKag^>^»^-^^^^ 

t^-nt if anv frequency of treatment, ana uic 
2 5 concurrent treatment, it any, iK^y^^ i 
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p„s.m — former provide comp«si«o.« — g o« or 
,• ,„„er«so<=iation. While individual n«ds vary, 

-r'-"::;: riOOn,^^.- T.evr.ferr=ddosa.« 

p^sen. invention n>a, conum in«, 
«eipi».»d — a-^^^^ 
10 pr.P-tions«lnch=anbeus.dph«n«^« 

,„»^a.onsforpar«».aiadnnn.s.ra«o«md^^ ^.adition. suspension, of UKacdv. 

i„ w^-solubl. fom. for ex»nple. ^ Soluble 

„.p„.dsasappropri«.foroi.,^i«dons.P^-»^ ^^^^^ 

. . UpopH.icsolven.orve.c.esincludefa«,o.lM^^-^^^^^^_^^^^^^ 
• aoides«rs,fore«n..e.ed.,lo.e«eor^.«^.^^^^^^ 

,o„,ain subsunoes which inocase d« « ^ ^^i„„ 

3^^oarbo^.*..ce«»lose.so^^» »^o^^^^^^^^ 
alsoeonuinstabilijas. Liposomes can also be us. 

toee qT« of formutaoonnuty be used sm-ui 

reactive ingredient. , .^inisBadon include hard or soft gelatin 

suitable formulattonsfo o,^ ^ions, syrups or inhalattons 

„ capsules, piUs,.ab.ets.includingcoated.ablets.elnars, pe 



3^ conaoUed release forms thereof. 
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In practicing the methods of this invention, the compounds of this invention 
„ay be used alone or in combination, or in combination with other therapeutic or diagnostic 
agents In certain preferred embodiments, the compounds of this invention may be 
coadministered along with other compounds typically prescrib«i for these conditions 
according to generally accepted medical practice, such as anticoagulant agents, thrombolyttc 
agents o,oU«r antithrombotics, indudingplateletaggregationinhibitors, tissue plasmmogen 

activators, urokinase, prourokinase, streptokinase, heparin, aspirin, or warfarm. The 
compounds of this invention can be utilized « vi«-, ordinarily in mammals, such as humans, 
sheep, horses, catde, pigs, dogs, cats, rats and mice, or m virro. 

The preferred therapeutic compounds of the present invention are 
characterizedbytiteirabiUtytoinhibittiuombusformationwithacceptableeffectson . 

classical measures of coagulation paran,««s, pikelets and pl.«.« »d -ceptabie 

levels ofbleedingcomplications associated withti^iruse. conditions charactenzedby 

^desired thrombosis would include those involving the arterial and venous vasculan«. 
' witi,resp«n to the coronary arterial vasculature, abnonnalU»ombus 

formation characteri^s ti« rup«« of an established «h.r«sc.«odc pla^ which is the 
™,or cause of acute myocardial infarction^tdunstableangin. as we., asalsocha^^ 
,heocclusiv.coronaryd»,mbusfonnatio.resulting&om«th.rthrombolyticth«apyor 

percutaneous transluminal coronary angioplasty (PTCA). 

With respect to the venous vasculanire, abnormal thrombus formation 
charac.«i»s the condition obs«ved in patients undergoing major surgery in the lower 
e^remities or d» abdominal area who often suffer ftom thrombus formation m the venous 
rran«resulting.reducedb.oodflowt„.h.affectede«remityand.p^^^^^^^^ 
pulmonary embolism. Abnormal thrombus formation ft«herchar.cter,zesdtss«nnu«d 
5 Ltravascul.coagu.opati,ywhichcommonl,occurswi.hinbod,vascularsys.emsdun^ 
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septic shock, certain viral infections and cancer, and is a condition where there is rap.d 
consumption of coagulation factors and systemic coagulation which results in the formation 
of life-threatening thrombi occurring throughout the microvasculature leading to ^^ddespread 
organ failure. 

The compounds of this present invention, s.l«:ted and used as disclosed 
he«in or otherwise selected and used by techniques known to the skilled artisan, are 
believed to be useM for preventing or treating a condition characterised by undestred 
dtrombosis, such as i. (a, the treatment or prevention of any throm^Ucally mediated acute 
coronary syndrom, including myocardial infarction, unstable angina, re6.e«,ry angu* 
occlusive coronary thrombus occurring post-thrombolytic therapy or post^oronary 
angioplasty, (b) the treatment or prevenUon of any thrombotically mediated cerebrovascdar 
syndrome including embolic stroke, thromboUc suoke or transient ischemic attacks, (c) the 
treatment or prevendon of any thromhoUc syndrome occ^ring in the venous system 
including deep venous thromb^is or puhnonary embolus occurring either spontaneously or 
-, m,h.setti„gofmalignancy,surge,yor.raum^(d).h.tre..mentorpr«entionofany 

coagulopathy including disseminated intravascular coagulation (including the senmg of 
septic shock or other infection, surgery, pre^cy, trauma or malignancy and whedter 
associated with multi.>rgan failure or not), thrombotic d,rombocytop«.ic purpur^ 
^mboangii.^ obliterans, or thrombose disease associated withheparin induced 
, dtrombocytop^u. (e) the treatment or prevenUon of thrombotic comphcanons assoctated 

with extracorporeal circulation (e.g., renal dialysis, cardiopulmonary ^'""^ 
oxygenation procedure or plasmaphoesis), (0 the «atm.nt or prevention of trombone 

complicadons associate, with instrumentation (e.g., cardiac or other in^vascul^ 
cathLzatio^in^a-aorticballoonpump, coronary stentor cardiac valve,,and(g)those 

5 involved with the fitting of prosthetic devices. 
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Antfcoagulan, ,h«apy by ag=n« according .0 *e present invenUon aho are u«fiJ to 
prevent coagulation of stored whole blood and to prevent coagulaUon in o^er btologtcal 
sa„,ples for testing or storage. Thus the compounds of this invention can be added .0 or 
contacted with any medium containing blood cells and in which it is desired that blood 
coagulationbe inhibited. e.g., when contactingamammal'sbloodwidtmaterial such as 

vascular grafts and stents, orthopedic prostheses, cardiac stents, valves and p^stheses, 
extracorporeal circulation systems and the lUte. 

H Methods for Identifyi.gl«tegrii.-M.dl.tedSlt.rii«g 

The present invention tether provides methods for identifying cells involved 
inintegrih-mediatedsi^ingaswellastechniqueswhichcanbeappUedtodiagnose ^ 

hiologicd a«i pathological processes associated with integrin-mediated signahng^ 
Sp.ci<ically,integH«.media.edsipalingcanb.identifiedb,d.termuungw^^^ 
cytoplasmic domainofthepsubunit of an integrin^cpressedbyaparfcular cell, 
X5 - phosphorated. CeUspossessingnonphosphorylatedcytoplasmicdomainsarenot 
■ onsid.r.dt„bei«volvedinin,egrih.media.edsignalingwhile«llsposs.ssmg 
Zphoryiatedcytopla^cdomainsare. Such methods are usefU in ident.,mgs..es of 

irilammation, thrombosis, and tumor metastasis. 

,„detaa,anex.rac.ofcellsispr^whichcon,»r,stheMb— fthe 

cellular mtegrins. The cytoplasmic domains are then assayed to d««mine whether the 
Xteres.Zcont.inedih.hecytopiasmicdomai.arephosphor,l«ed,T.ede^eof 

rrborylat»l.yrosin.spr.s«..U.thecy,.plasmicdomair,oft^fsubumtsp^^^^^ 
;r.L:entofrdegree.hec..lispa.ticipa.ing.signali.g.A..creasemthede.^^ 

.^.ingisameasurementofthelevelofinte^^^ii-a^^ 

For example, to determine whether a tumor has metastatic poten 

,^,ofthe«tmorce,lsa„dd»Psub.«.i.ofintegHnsexpress.dbyth..umorceUsare 



20 



25 
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isolated using known methods such as 



immunoprecipitation. The cytoplasmic domain of the 



,y„sine residue cone.a.es with me«su.ic potential of *e o^cer. 

Wi*ou. funher description, U is beiieved ti». one of o^iinary sWU in ti,e ari 
. . Tedin. description and ti,efo.,o,.ngillns<«tiv. examples, make and u„i>ze 
can, osmg Ae precedmg descnptio ^^^^^^^^^ 
.componndsof^presen.-— 

working examples therefore, specifically pomt P ^j^ie disclosure, 

invention, and are no. to be co„stn«d as limiting m any way ti» remainder 



10 



EXAMPLES 



15 
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Experiment. Pr.c«.-r.a - P....... '«»"*r ^„ „f g5 mM 

Blood 6om healthy volunteers was collected mto 1/6 

,1 71 mM citric acid supplemented with 50 ng/ml POU 
s^iim citiate. .1 1 mM d^ttros. a»i 71 mM c^c - ^ PP ^^^^ 

andceu/mlapyrase. After cenmSigation of th. bloods « 

^ ,nH <5ubiected to fiirther centnfugation at 73U A g lor i 
rich plasma was removed and subjected ^ 

tth^nktelets Platelets were then resuspendedm 13 mMtnsooi 
sedmient the platelets, riaww oiatelets were then 

""ll'ci 0 r:^td .owedtorecoverforlhourat... Resting 
visible (1-3 minutes). 
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Antibodies 

The anti-phosphotyrosine antibodies, 4G10 and PY-20, were obtained ftom 
UBI (Lake Plaeid, NY) and Transduction Laboratories (Uxington. KY). respectively . The 
anti-tyrosine kinase antibodies used in these experiments were as follows: mouse an«.p60c. 
src monoclonal antibody (mAb) 327 (Oncogene Science, Uniondale, NY), rabbit anti-human 
p53/561yn antisera (UBI), rabbit anti.p59*- antisera and rabbi, anti-human syk anttsera 
(San.aC™zBio.echnology,San.aCruz,CA). The mouse anti-humanOPIIIa monoclonal 

antibodies E8 and C3.19.5 were raised against purified OPIIIa and a KLH-coupled 
cytoplasmic domain peptide of GPIIIa respectively. Rabbit anti.GRB2 antisera was from 
SanuCruzBiotechnology. Rabbit anti-vav antibody was pu«has«l 6om UBI. Tlterabbtt 
anti-SHC antibody came ftom Transduction Laboratories. 



/(I viov kinase assays 

He desired tyrosine kinase, either purified (p6(r-, Oncog«.e Sctence, or 
15 - p93-^- UBDorpartiallypurified(p56np59»"both6omUBI) was incubated with the 
■lantsubLin20mlfinalvo,umekinaseassaybuffer(20mMTris.HClpH7.4,10 
mMMgCl. ,0mMMna.0.1%NP40)«iti.5.10mCiof»P.g-ATT(Amersham, 
Arlington Heights, ,L) for 10 tninutes a. room temperanire. T.e substrates w« present at 
the following concentrations, affinity purified OPIIbllla 2.5 mM, enolase J .5 rnM, « 
,„ ^p,asmiodomainp.ptideofOPn,.25mM. Reactions were terminated by ^^n of 
20 1 2x Uemaii sample buffer and boiled for 5 min. prior ti> loading onto gels. Bands 
were visualized by autoradiography using Kodak X^MAT LS fihn. For some exp^ents 
.erelevant.yrosinekinas.was«cipi.a.edfiompUtel.lysa.esus^^^^ 

anti-kinaseantibodyplusprote^A-sepharose. 

b„ffer.andonce.kinaseassaybuff.priormp«formingthekm^^^ 
„actionwasterminatedbytheadditionofkinasewashbuffer(.0mMT„.HClpH7.2,100 



• 
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^NaCl, < mMEDTA, ,% Triton X.100/0.3%SDS) and washed «d«wiU,*is buffer. 

Beads were *e„ resuspended U, 40 ml of Laenunli sample buffer, boiled fo, 5 mm. 
^ a,e sup.ma.an. loaded onto gels. Experiments loolting a. kinase activity associated 
^ OPIIIa protein were also pertonned a. detailed above except that GPffla was 
„recipitated«rom.ysatesofplatelets(l%Brii96.150mMNaCU0mM 

^ethano amine, 1 mMEDTA 1 mM sodium vanadate, 1 mMPMSP, OmM.eupep^ 0..5 
U;ml aprotinin, and these immunoprecipitates subiected to an >n ..o Ittnase asuy wbtch 
terminated and w^hed in the kinase wash buffer without detergents present. 



.0 Co-iniii.»nopr.cipittti«»eip.rimen« ,>„,./ Brii 96 Ivsis 

Control or thrombin^gated platelets w«e lys«i m the 1 /. Bn, % lysts ^ 
buffer. Tl-e^-solub lelysatesweresubiectedtoimmunoprecipiiari™ 

Lharos. plus an and-tyrosin. kinase antibody, the anti-GPIlIa monoclonal anttbcdy (E8), 
sepharoseplusanan y „„Khi,antiseta or a class- matched mouse 

Ae relevant control antibody (either pie-umnune rabbit anttsera or a 

Thebeadswerethenwashedonce.lysisbuffer.0.3MN.Cl,and^«.m.ys.s 
■ blf^^priortoboUinginLaemmlisamplebufferSamplesw^erunonT-SSDS 

, ^Lamid. .els and transferred to nitroceUulose. Membranes w«e block«l m TBS NP 

.0 Ih in HRP-conjug-ed anti-mouse or anti-rabbit IgG antibody and employmg 
chemiluminsc-. detection (ECL d«ection kit, Amersham). 

phosphopeptidesyntheaU „fnpnia were synthesized by 

Peptides consisting of cytoplasmic regton, of OPIII. -^ "^ ' 
,S SynPepcotporationush.gsolidphaseFmocch.mis.ry. Peptide w«.dtssolv«.m 0.1/. 

TF A/50% acetonitrilc and diluted as needed. 



Atty Docket No. 44481-5008-02 US 



-41 - 



Peptide precipitations 



Biotinylated peptides (1-10 mM) were 



incubated with platelet lysates (either 



at 4°C. Avidin-agarose beads were then 
nylated peptides and any associated 
washed and then boiled in Laemmli sample buffer. Th. proteins 



1% NP-40 or 1% Brij 96 lysis buffer) for 90 min 

added for a further 90 min. to precipitate the biotinylated peptides and any associated 
proteins. The beads were 



10 



15 
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we« on SDS PAGE gel. and »a„sf«red » ni^occUulos. for i— oning wi* 

antibodies to various signaling proteins. 

ftvivoryrosiiiephosphofyUtiooofGPIlIa 

330mof3xnon.reducingsampl.bdr«con.aining 1 tnM sodium vanadate 

wasaddedto , nUofcon.ro. orthrontbin-aggregatedplatelets. A*" boiling. sj^ples 

^rresponding to - 1-2 xlC platelets were separated in the first dimenston on 7 /. SDS- 
rX/Fort...seeonddin.ensionsepar.tionthestrips««boi,edU,re^ucn,gsantple 

: «„andthenrunona5%SDS.PAOEgel. These exp«i«ents were carried out m 
uplicateandonegelv^sstainedwith — bluetoconfUnttotalp^tentl^^ 
.tUwhiletheothergelwastransferredtonitrocellulose. This ntentbran. was then 

^^.unoblotted with and-phosphot^sm. antibodies and the relative arnount of 
phosphor^UtedOPmawa^detern^by— etr^forbothcon^.^^ 

aggregated s»nples. The blot was then stripp«i by incubatton for 30 ntut. a. 5 C u, 100 
ILerc.^oU%sodiun.dode.lsul.te.«.5ntMTris.HClpH^»d 

rebloc.edb.ftrereprobin,withthean.i.OPinan,AbC3U,.5.Ag«ndens,»^^^^^ 
p.,fom,edtoensuree,ua.an.oun.sofOP,nawerepres«,ttabothcontrolandthro,nbu, 

aggregated samples. 
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Example 1 

Cy,op.«n.ic Tyr.,i.. PhosphoryUdon Si... 1...*™ Sub-U.iU 

am.mb« ot*e m^grin superfan^ly of pro«ta 

! 1 dl. of selu™^ homology between in«grin subuniu. *is — 
Because ofthehgh degree otseq jwo tytosme residues a« present 

in *e cytoplastmc don«u, of OPlIla. D , ^ ^ 

pHospbory-atedn^tiffoundutt^J^^^.^^^^^^ 
above) and ii) that the tyrosine phosphorylated cyxop 

Ugh. °f - ^'^^ , „ ^ WPXV motif 

«,uenceencompassmgres.du.s^7„ 

„bie.wbenphospbo..aJ-o.^^-™^^ 

phospbotyrosiM-bmdmg (FTB) '^"^ ^ ^ A « a(., Wo/ Cell 

(Kavanaugh, W.M. « Sc.- a''*)^"'^'^' ^Wation 
n o,.^ . 5:25«fl-«0»V Also there extsy unmune r«eo» 

infract witf. signaliBg P««^ («•«• ^ ^„ (1992) 267.8613-8619; Law. 

C.Ul^)"-'-«^^Hu«hcroM.E.«..,.B, '^(-^^^ 

0..e,».C^BWa993,3:643.57).U.sno«-^^^^^^ 

3i,Kough containing two tyrosine res.du«, Uclcs the U. res *^ ^^^^^^ 
Wo..,.h. 03 Coplastnic domain doesnot appear tocontioanl 
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<he cytoplasmic dom^ of 0,^ 

integnn , subwu., does co„.ai\ ITAM domain. Like od,« ITAMs, Ms domain has 
seemly been shown to act in the \.i.men, of signaling molecules (Mainiero. F e, d.. 
EMBO J (1995) 14:4470.4481). AccW. experimental protocols were developed to 
detennine whether the tyrosine residuesW the GPIUa were also phosphorylated m 
response to stimuli which activate the GPllV'' ^tegrin. 

Resting platelets were induced to aggregate by the addition of the agomst 
ttoombin with stirring and lysates were made from both contn,! and aggregated platelets. 
When OPIlb-raa was immunoprecipitated ftom these lysates, no tyrosine phosphotylatton of 
GPUIawasobservedineithersamplewhentheseimmunoprecipitateswereanalyzed 

following SDS disc gel elect^phoresis, as has been previously reported (Panse. L.V. « a... , 

observed whenplatelets were lysedinaMghconcentrationofSDSandtheprotei. 

^.im^.ediate,ysepara.edby^Dgelelectrophoresisprior.o»nsf^»ant».^^^ 
membrane, and imntunoblotUng to detect phosphorylated proteu. wtth ph^^pho^-e 

antibodies and with a GPIlla antibody to ,uantiute OPIH. These results show th^t U>e 
:l^teh,isphosphoryla..d„„t,ros.es..v.vo,inresponsetothrombut.m^^^^ 
»l„(Fi™e3) Al.houghthereasonwhyenhanc.dphosphoryla..onofOPina,sno. 

J^ghconcentrationofproteinphosphatasespresemmplat.^^^^^ 
J.V. .,01.. EAOOJi^m 12:4843-4856) precluded identification of the phosphorylated 

"""^ ^ddition.experin.entshavebeenperfo„n.dusi.ga^DgeUlect^pJ^^^^^ 
as protocolandhaveyieldedf^erlnformationonthetyrosinephosphorylationofOH^^^ 
CFig-3,. GPraatyrosinephospborylationcanbeobservedinplateletsmducedto 



Atty Docket No. 44481-5008-02 US 



-44- 



aggregate using agomsu ote te, tteombin. For example, tteating plareleu wiU, ADP and 
fibrinogen allows for platelet aggregation and tyrosine phosphorylation of GPIIIa was seen. 
In all cases platelet aggregation appears to be a prereqtiisite tor GPnia tyrosme 
phosphotylation. When platelets were stimulated with ADP alone, which allows for instde- 
out acuvation of GPHb-IIIa but does not induce platelet aggregation, no increase m GPIIIa 
tyrosine phosphorylation was noted (See Table I). These results indicate that the tyrosme 
phosphorylation of GPIIIa is most liKely a consequence of outside-in GPIIb-IIIa signaling. 

Table 1. Platele. .a««.«on appear, tt. be re,»ir«l for GP IH. (P3) fl^rosto. 

phosphorylation. 

Thrombin no °? 

YES YES 



Thrombin 
ADP 



no »o 



ADP, fibrinogen no ^ 

YES ''^^ 



ADP, fibrinogen 

A number of cytoplasmic ty^sine kinases have been reported to be present m 

platelets and indeed sev«al have been unplicated in integrin signaling (ShattU, S.I. .^al 
Lc,.na««oU.99.,3.6,.S7.ClarM.A.«./.,5..».(.995)2«.^^ 

TOs include, the .cfamily tyrosine kinases, src and*, as well as the non-s^-fatmly 
tyrosinekinas.^ Th.se.yrosinekinasesappeared.ob.possibl.cndid3.esf0rthektn.se 

responsible for phosphorylating GPIIIa i» vivo. 

To dcKtmine which .yrosine kinases are responsible for phosphorylanng 
GPnia ,n vi«,, in v,7r„ kinase reactions were performed to test *e ability of a number of 
these kinases » phospho,yla» boU, af!mi.y.purified GPIIb-UIa a, weU as a pepude 
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consisung of cytoplasmic domain of GPlIla oriy. Purified, or partially purified, src 
family tyrosine kinases p6(r, p59*" and p56"" were all capable of phosphorylating both the 
full length GPIlla and the cytoplasmic domain pq>.ide. The Cosine kinase syk could to 
phosphorylat. OPIlIa, although to a lesser degree. In contrast , the tyrosine kinase p9y", 

5 which contains an SH2 domain and has been implicated in signaling via certam cytokine 
receptors (1^ K. e, al.JBIo, Ckem (1994) 269:18623-18629), was unable to 
phosphorylateOPUIatoanygreatextent(Figure4A). Similar results w^ obtained when 
the above.men.ion«i s«-kir.ases and syk were immunopreoipitated ftom platelet lysates and 
these immunoprecipitates used in in v,« kinase assays. In these assays the .rc-famtly 

10 tyrosinekinasepSS-'wasalsoshowntohavetheabUitytophosphorylateOPIU. TTese 

data indicate that memb«s of the srctamily of tyrosine kinases, as well as the syk tyrosme , 
kinase, phosphorylat. the cytoplasmic domain of GPnia wo-o. 

To determine which kinases are associated with GPIIIa in platelets, both 
^ntrol and thrombin-aggregated platelets were lysed in 1% Brii.96, and QPIIb-ffla was 
IS immunoprecipiUted and the mununop.«ipi»« analyzed for the presence of platelet kmases. 
■ Brij.96 is a relatively mild detergent yet it appears «. solubilize large complexes welKBurg 
DL «a/.,yiH<.(ae».(1994)269:2813M8142). /„ .irro kinase reactions we„ perfonned 
on dte resultant immunoprecipiutes to detect the kinases. An increase in the number of P- 
labeled proteins was obs«ved in the anti-OPIII. immunoprecipitates from the aggregated as 
,0 compared.ocon.ro.pla.e.et,sa.es(Figure4B). ^^'^^'^'^^^1 
Je kinase^s) was associating, and therefore oo-immunoprecipitating. wtth the OP 11a ^m 
^ aggregated platelets. Interestingly, a phosphorylated protein of apparent molecular 
weight -72 kD was Observed in the precipitates 6om aggregated cell lysate. Tins is the same 
molecularweigh.ofthe,y*tyrosinekinaseknowntohav.enhancedtyn.sme 

25 phosphorylation in response to both inside-out and outside-in integrin signal «ansduct,on. 
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Various kinase re-immunoprecipiBtion expaimaits were perforaied in an 
anemp, .0 identify Ae tyrosine kinases associated with GPIIb-UIa on aggregated platelets. 
First OPIlIa was immunoprecipitated from Brij 96 platelet lysates and the 
i™,;moprecipitating tnaterial was washed tmder tnild conditions (no detergent) in an 
anempt to maintain the integrity of any complexes formed b..w«n OPIIIa and cytoplasmtc 
tyrosine kinases. The precipitated material was subjected to an >n v,7ro kinase assay followed 
by re-immunoprecipitauon with a variety of anti-tyrosine kinase antibodies ir, order ,0 
determine whether any kinases could be co-immunoprecipitated with the GPlIIa protein. To 
confinn these results the reverse experiment was also p«fom,ed whereby various tyrosme 
kinases were immunoprecipitat«i from platelet lysates and, after an in vfrro kit«se reaction, 
were subjected to re-immmtoprecipiution with an anti-OPIIla antibody to show association , 
of the GPm. with different tyrosine kinases. However, using these experimental protocols 
no specific tyrosine kinase could be shown to associate directly with GPIII^ thus tite 
responsible tyrosine kinase(s) remains unknown. 

The finding that GPffla is tyrosine phosphorylated during platelet aggregation 

and identifying ^ kinases responsible is of fundamental imponance to understanding the 
mechanismresponsibleforintegrinsignaltransductionwhichallowsfortiteintegnn 

Uiteraction with cytoplasmic signaling proteins. Previously, only phosphorylation of scnne 
on OPnia from activated platelets has been observed. No frmction of senne phosphorylation 
,to„wn. lncontias..the.yrosin.phosphorylatio„of.numb«ofcellsurfacere«ptor 
p^teins h» b.«. shown to be critical for Ute siting abiUty of these receptors (Wetss, A. 

d.,Ce« (1994)76:263-274). 

,„ the case of receptor tyrosine kinases such as the PDGF receptor, hgand 
occupancy results in a transphosphorylation of the PDGFR cytoplasmic domams on 
5 numerous tyrosine residues. The phosphorylated tyrosines act as bindmg sttes f^r 
variousSm-containingpro.eins,forexampleshc,.candPLC-g,wMch,«mvolvedm 
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eff^ting A. signaling cascade. Ote proKins pre«n. in oeU s^ace inm,unc-rcc.p<or 
complexes also must be phosphorylated on tyrosine residues in order for successfal .gnalmg 
,0 be irutiated. PhosphoryUtion of the ITAM domains of these receptor complexes recn^ts 
various SHZ^ontaining proteins, including tyrosine kinases, to the receptor complex and 
Mates a cascade of signaling events. Similarly, tyrosine phosphorylation of GPIIlacan be 
expected to allow for the interaction of OPIIb-Illa «ith signaUng proteins; proof .hat th,s 
occurs is provided below. The high degree of homology in the domains of GPlUa which 
contain tyrosine to those which exist in other integrins predicts that the phosphotylatton 
mechanism of the cytoplasmic domam of the integrin during intepin signal transd„«,on ts 
widely utUized within the integrin family of receptors in many different cell types. 

Example 2 

I...r..ti.n of phMpboryUted GPffl. with cytoptami. signaltoj 

The discovery that the cytoplasmic domain of GPnia is phosphorylated at 
1, - tyrosineresiduesduringpiietaggregationwasthefirststeptademonstratingthat^^^ 

phosphorylated cyu-plasmicdLin has Sectional acdviv ^ 
,V proteins. A phosphorylated pep^corresponding residues 740-762 of GPffla was 

synthesized and coupled to biotin ^e amino terminus; 

Biotin-D-T.A.N.N.^uV'>^•E•^•^•^•"-"■^'^^^^^^ 



10 



20 (Peptide I) 

COOH 



A control pep^e was synthesized with an identical sequence, but 
^ unphosphorylated: 

,P,.ld.2) Bio.h..D.T.A.N-HA-V-K■E-A-T■S■T•^T-N-.-^^^^^^^^ 



25 
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Th« phosphon-lated peptide was tested to determme whether it had activity ir 
interacting with signaling proteins. One method t«d for this purpose was adapted from a 
method used to examine the interaction of the phosphorylated ITAM domain from the T cell 
receptor with intracellular signaling proteins (Iwashima, M. e,oL Science (1994) 263:1 136- 
, 1 39) Platelets were lysed wid, NP-40 detergent, mixed with either peptide, and the peptide 
with bound protein isolated by adsorption to avtdin-agarose. She and Orb2 were r»o of the 
proteinswhichspecifcallyboundtotitephosphorylatedpeptideCPepude l)(F>gure5). 

The She signali^tg protein also binds to a peptide which was phosphorylated 
only on dte carboxy-t^minal tyrosine residue. To examine the physiological importance of 
Grb2 or She binding to phosphorylated OPHK a doubly phosphorylated peptide which was , 
mutated such that Ute serine at position 752 was changed to a proline was used. This mutation 
occurs naturaUy in a patient with Glan^ann's thrombasthenia and is known to cause 
rising defects (Chen, Y.-P., e, ./., Bloo4 (.994, 84:,S57.,S65). TWs peptide was unable 
,0 bind Grb2 and showed a markedly decrease! ability to bind She. These results suggest 
tot the serine to proline mutation in Utes. patients alt«s protein sBucti« such that 
interactions with signaling proteins cannot occur. 

Another method was an adaptation of the ligand blot procedure usmg flte 
phosphorylated GPIIIa cytoplasmic dom^,. Total platelet proteins were separated by SDS 

,el electrophoresis, transferred to nitroClulose. renati«d and incubated w,^ *e 
bi„tinyla.edp.ptid.s.Sev.ralp,atele.prot.inswereobserved.obindpep«^e.bu^« 

peptide 2, the P«mi»em of which was a MW.230 kDa protem of unknow,^ ,d nuty , 
The data show that phosphorylated GPIIIa is capable of interacting with many platelet 
proteins, including a signaling ocmplex which contains She and Grb2, while t^e 
. LphosphorylatedOPmaisnot. Since the phosphorylated peptide has dns activty^t^e 
ph^sphryla.edpeptidecanbeusedtoinhibitOPnb.,IUsigna.transduc«onthrough.u 
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abUity to compete for signaling proteins. A membrane penneable form of the phosphorylated 
peptide will therefore have milit, as an antithrombotic agent to prevent platelet thrombosts. 

The integrin aV|33 uses the same U chain (OPIIIa) as does OPIIb-lIIa. As 
such, this integrin is phosphorylated during signal transduction. Therefore, the 
phosphorylated P chain peptide will have utility in tegulattag the signal transductton 
processes of aVp3 such as angiogenests, smooth muscle proliferation and osteoblast bone 
resorption, and will be useM in the treatment of cancer, restenosis and osteoporosis, 
respectively. 

As indicated in the Background section and shown in Figt« 2. the 
cy,„plasmicdomainofGPraaishomologousu,tha.ofPU2.p5,(i6andp7. Becausethe 

cytoplasmic domains of these (. chains all contain tyrosines at posiUons similar to that whtch ^ 
is fotmd in GPma (not. that p2 only contains one), and the src family of kinases are widely 
distributed, these other integrins are phosphorylated in response to integnn signal 
^nsduction Although phosphorylation has not been obs^d for any integrin except m 
■ „rc.ransfo,medceUs(seebackground),i.seemsprobabletha.thesameproblems or 

detection exist as occurred with de.e«ton of GPIlla phosphorylation in platelets. Note that 
r^uutionsatthetyroslne^ontainingregionofpi afrc«ed its function (see back^und. 
Phosphorylated peptides corresponding to the homologot. sequences in p. . P2. P , P6 an 
P7. or mimics of these se<,u»c.s, provide the structural basis for agents or targets or agents 
which can b. used to inhibit integrin signal transductions in cells containing these p subumts. 
such agents wiU have utility for the treatment of. for example, cancer, restenosis and other 
diseases dep«rien, upon excess cell proliferation, inflammatory diseases, Alzheuner s 
disease, viral infectivity, and atherosclerosis. 
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Example 3 

Identtfiation of intetrin sigmling proteins 

•n,e discovery that GPlIIa is phosphorylated during platelet aggregation and 
specifeally binds signaling proteins front platelets allows tor the development of methods to 
discover cytoplasmic signaling proteins whose tnteraction with integrins is regulated hy 
.yrosi„ephosphoryla.io„.Phosphorylationontyrosi„emay allow to,theincreasedh,nd,ng 

„fproteinswitheith.rSH.2domainsorPTBdomains,andproteifSthatb,ndto 

phosphorylated integrins should be detected because of their increased bindmg affntty 
PhosphorylatedcytoplasmicdomatnsofthePchainsofintegrincanbeusedasprobeso 

p JoNAexpressionlibrariestodetectphosphorylatedintegrinbindrngprotems. Mc^^^^ 
„rsuchscreeninghavebee„us.dtoidenti.yprotein.d.atbind.ooth«phosphoryla.ed . 

lZ(Ma,glB.,.™c.«Mc«..,-.«(.-)S~'-.S-* 

Science (1W3)260;1953-1955). h » "bait" in a 

Alternatively, the cytoplasmic domain of GPlIIa cat, be used as a bat, m a 
-- .wohybridscreenh,yea«,coexpressingv.ctophosphorylat.theGPinan»ieJo„*^ 
..J Proteins wWchspecificallybindtothephosphorylatedintegrincanbet^^ed^.^ 
recognizedthatth.co»U.«Uv..yac.ivefortnofc.rcmaybere,uiredforthtspurpo«. U 

Zbridassayhaspreviouslybeenusedtodemonsuatethehtte^^ionofap^^^^^ 
;telwi.hasigna.h,gprot.i..bu.onlyo„receptor^whichau.ophosphor,latesa 

tyrosine on the same expressed protein fragment. 

Thisinv.ntionprovidestheme,hodfortheiden«f.cationofphosphopept.de 

.gnahngproteinsnotassociatedwithandautophosphorylatedbyaltinase. Protehts 



Atty Docket No. 44481-5008-02 US 

-51 - 



10 affect integrin ftinction 
transduction. 



and/or used as phamacological agents to affect integrin signal 



10 
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Identiflcation of the integrin signaling proteins provides the basis for a new 
Cass oftherapeuticswhichdisn.pt integrin signal transductio. The newly identtfied 
proteins provide targets for screening of syntheUc small molecule, cotnbinatortal or na^rally 
occurnngcompound librariesto discover agents wMchaffectintegrinsig™!—- 
These a.e„t.»v,de the basis for a new class of therapeuUcs which can be use*b regulate 

'""""menUonedabove,lntegri„scompriseafamilyofprote,..vo,ved.many 
biologicalresponsesinavarietyofcelltypes. The results with the OPUb-ina integrin can b-, 
extrapolated to a nun,b« of other integrin family members as the Coplasmtc regtons of the , 

• 1 ni R<; an^i Rfi show remarkable conservation Of the 
different p subunits, in particular pi, P5 and p6, show remar 

tyrosine residues and some of the sunounding amino acids (see Figure 2). 

Example 4 
pi^containiiig integliiis 
1 /„ vivo phosphorytation of piintegriM. 

Due «> the relatively large number of pi-contahung integrins. a number of 
.elltypescanb. stimulated wiUttherelevantlig^tdsinordertoassessthephosphorylatton 

..trpipai«d.oanumb.rof«subu.ts..orexample,a3picanb.c,u^^^^^^ 

antibodies «. the KB carcinoma cel. line (Komberg. L.e.al.. Froc m, Ac«> Sc. USA (1991 ) 
;^^,..,3,6).orf.bronec«ncanbeusedasaliga„dfor.hea4,landa5pimte^nsonT 

rjamad^A.«..,^;--U.991)146:53.56,Basedonobs^^^^^ 
O™am„.ecu.e,where.ncrea«s..yrosinephosphor,la.lonwerenot^.^^ 

preferred for determining tyrosine phosphorylation. 
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ii Ability of Pl cytoplasmic domain phosphopeptides to bind to signaling proteins. 

The folloNv^ peptides are used to demonstrate the binding of signaling 
partners to integrins contaimV phosphorylated pi subunit: 

(peptidel): biotin-D-T-G-E-Xv(P03)-K-S-A-V^^^^^^^ 
COOH 

and the unphosphorylated control peptide 

,pep«de2,: Motin-D-T^-E-N-P-.-V-K-S-A^T-T-V-V-^^^^^^^^ 

Tiese peptides are moubattd with lysates ftom different cells includi,>g 
platelets and lymphoctes (as v«U as odter cell types in which these integrins are expressed,. 
The„avidin.agaroseism»itoprecipi.a,.anyproteinsassociati„gwiththep.pttdes 

(experin-entalmethodasdetaUedforOm-lIIapeptides). Proteins associating «..h the 
hrphorylat«ipepUdea,.signalingproteinsa„dU..t3rgetsforther.p.uttcsS™^^^^^^^ 

p^des can he used as prohes for cel. lysates as »ell as cDNA libraries (aga. detatled 
ablve). TKe ability of the phosphopeptide to bind to signaling proteins n«y also allow ,t 
function in a dominant-negative fashion. 

Ui utiliiiD»phosphop.p«d.» as inhibitors of signaling. 

lability of the pi cytopla»nic domain phosphopeptide to bind signalmg 
proteins indicates that they may act in a dominant-negative fashion when inuoduced into 
cells TTte antagonistic activity pq.tide containing non-hydroly^ble phosphotyrosyl 
derivatives can be demonstrated by permeabilising cells and introducing the peptides. 
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The wide cellular distribu.,on, and *e nvm.ber, of "g in,egri„. 

„ows U,e use of a variety of cell types fo, wMcK *.re exis. „el.-docun,e„«d n,e*«ds of 
allows the use wmohocytes can be pemeabilised using tetanolysm 

(Conu, A. «a/ .iB»/Ctem (IV ,„.26,7.2625) and platelets using a 

,„p,„,,„.0(Cunha.Melo,^R., /-"^-'U^ )^^^ 

>«a^lTR Jt « r..**o-. U» (.993, 34:4n5^.2S; Sntyth, M.S. 
^en descnW ^B"* ' ^ ^ ^, ,,,^^„„ ,.,,(,993, 34.7039- . 

Z.anyl.up(.P.>«.-;— 

r— ^^^^^^ 

"''""'\eefrectof— g.hepHosphop.Udesin.opet.eabiUsedcellsis 

■ K> f„r the cell type used and the partcular pi integrm present on 
assayed in a manner suitable for the cell type ^1.^.3 function in fibroblasts 

^esecelis. For example, thceffectof the phosphopepudes on VLA3 

>5 has profound effects on the cellular targets. 
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Example 5 
p5-containing integrin 
The P5 tegrin subum. conuins tee tyrosine residues ■^^n its cytoplasmic 
domain. Residues 774 and 794 have sunounding amino acid s«,ue„«s similar to those seen 
5 inthePSsubunit. Although the spacing separating the two tyrosine residues is greater (20 
amino acids compared with 1 1 for the P3 p^tein) the two tyrosine residues would be on 
similar faces of an alpha-helix which is a possible structure of *e P integrin cytoplasmtc 
LThisint.gri«canpairwith,hec.Vsubunit«,fo,mavit.necUnbindingrecep»rw.c 

r!.p„ssedonLblas.s,carci.omas,andhepato.nace.ls(Diamond.M.S.«..C..^ 

1 n 0994)4:506-517). . . 

Asimilarse.ofexp«imentsas,hoseouUinedabove.forth.P— g 

i„,egrins.are«ilized,ode.enninethe,o,eof.yrosU,ephosphory.aUoninthe6.cUonofth.s 
imegrin Particular detaiU applying to this integrin type are provided below. 



15 



i In vivo phosphorylation of pS integnn. 

Carcinomace,ls.forexampletheme,a„omalin.M21or.h.FGpancreat,c 

carcinoma line, are used in these experiments and activated by adherence to vitronecttn, or 
riby clusteringoftheintegrinusingaspecific antibody (P3G2,Wayner.E.A..^.,. 

^;;!,t,,,)U3,.^«..Ce..arethen.ysedandsubiec.edto2^^ 
20 and anti-phosphotyrosin. immunoblottin, as detailed previously. 

„ AbiU., .f PS cyopUsnUe domain pbo,pb.p.p«d« bi.d «, ,.gn.Ung pro.eins. 

JfoUowingpepti^areusedtodemonstratethebindingofstgnaimg 

:'(^^ ; partners to integrins containing a phoyrylated (i5 subunit: 




10 
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(peptide,, «o«„.e\a.S.N.P.L.V(PO,.R.K.P..-S.T.H.T.V.D.F.T.F-N-K.F.N.K-S. 
Y(P0,)-N-O<r-V-D-C0OH 

And the unphosphoiylated conttiJ peptide: 

w ■ c M A S N P^Y-R-K.M-S-T-H-T-V-D-F-T-F-N-K-F.N-K-S-Y-N- 
(peptide 2) bionn-E-M-A-S-N-l'-L\T n r i 

G-T-V-D-COOH \ 

Using *e above P5 peptides it was show. to. the signaling protein She could 
bindtothephosphoryiatedpeptideCpeptide ,)h„.nottheunpWa«dpep.ide2. ,n 
L expelnts the associated p™«ins were precipiuted fton. lysates obtauted 6on, 
;:^:^^orh.^-Ucalcotdveno.endotheU.ceUs(HUVBC.^^ 
:pI,hevi.ronec.in.bind.gaVp5..egHn. ..eres^wi-Kthe^Spepn^u, 

, ,1 A. « tK<. rOPIIIa) intergin subunit to other integnn IJ 
extrapolating the results obtained from the p3 (GPIUa) inierg 

■ -"^•^"■t^:i,«,,eestabUshed,.t<un,otcen..d„ced.^^^^^^^^^ 
„edia.edbo.hb,.V,3,e.g..«henangiogenesisis^ducedbybasicfib«b.as.^^ 

„tiss.«nectosisfac.or.oravp5,e.g.,whenangiogenesisis.d,.e^.y-^^ 
e„do.heUalceUgrow.htoo-,«n.fonninggrow,hfactoraorbyaphotboles«r 

"er ML,.-..Sc.nce(1995,270:15«..1502,. Since con>p«i«ve antagonists of 

^lingl^aneffectiveanacancerdrug. Both «V.ontaining integHns were al» 
Cdin.h.ac.ive,yproUrera.ingvasc.a,ce.lsassocia.edwi.hprolifera.^^^ 
:Lpa.hy,whileo..aV,3wa,expressedh,.heactivel,proUfera.ingva.^^^^^^ 

3ssociLdU,ge..a«a^-— — ^^^^ 
i?n.i\^.t.U.^.etal.,ProcNatlAcadSa C/&4 (1996)93.9764-. 



20 



25 



• 
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antagonists of ligand binding to aV-containing integrins inhibited neovascularization m 
experimental animals (ibid.), this fma.ng indicates that inhibitors of aV-containing integnn 
signal transduction will also be effective for the treatment of diabetic retinopathy. 

These peptides are used as described above for the pi phosphopeptides, 
except that associated proteins are precipitated from suitable carcinoma cell lysates. 



iii. P5 phosphopeptides as inhibitors of signaling. 

Again non-hydrolyzable phosphopeptides (containing F^Pmp groups as 
detailed above) are introduced into permeabilized carcinoma cells. The readout for effect on 
function for this integrin involves binding and motility on vitronectm. 

Example 6 
p6-containing integrins 
He.crodim.rs consisSng of U,e aV and P6 subunits have b«n found in cermin 
carcinoma «U iincs (Busk, M. e, / Biol C^r, (.992, 267..5790.5796), as wcU . 
cpifl^Uai cCls (Brcuss. J.M. «oi.,3m,oc^^ C„oc*c» (.993) 4,:.52...527). P6 .s 
express.^ durin, fca. dcvCopmenu as wC. as wound hca.ing and in cpi.hc.ia. n»ors wtach 
suggcs. i. may play a ro.. in cpi«a. migraUon. Indeed. i« expression can h. .nduc^l .n 
kcra.inocy.es «a«d wi«. TOF-p. which impiics a role for rcccp«>r in wound hea.»g 
0 (Zamb,uno,G.«./.,iCc««<,/(.995) .29(3):853.865). This in»grin binds » fibroncc,m 
and mere is evidence « *e 06 cy.op.asmic domain is imporun. for some of i. fimcuon. 
Expression of aV|,6 in a human carcinoma ce.. ,inc enhances U« proiiferaUvc ab,.,.y of *cse 
„,,sin.v<««.d,.v,voassays,bu.mu.a„«wi.d..eUonsof*ec.boxy.em.m^^^ 

^ ey.op.asmic domain no .ongcr showed *is enhanced p«.iter.«on (Agrez. M. « aUJ 

25 Bio/ (1994) 127:547-556). 
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i. In vivo phosphorylation of p6-containing integrin. 

For these experiments a cell line which expresses the aVp6 integrin (e.g. FG-2 
carcinoma line) is used. The cells are activated using some form of receptor clustering, either 
with fibronectin or a specific antibody and then subjected to the 2-D gel and anti- 
phosphotyrosine immunoblotting procedure previously described. 

ii. Interaction of p6 phosphopeptides with signaling proteins. 

The foUowin^ptides are used to demonstrate the binding of signaling 
partners to integrins containing phosphorylated P6 subunit: 

(peptide 1): biotin.Q-T-G-T-NVL-Y(P03)-R-G-S.T^^^^^^^ 
K-Q-K-V-D-L-S-T-D^-COOH 

The unphosphorylated control peptide: 

. ^^,^xxrDTvn \ S.T-S-T-F-K-N-V-T-Y-K-H-R-E-K-Q-K-V- 
(peptide2): biotin.Q-T-G-T-N-P-L-Y-R-(^-S- 1 b i f kin 

D-L-S-T-D-C-COOH 

Altemath^ely, a phosphorylated peptide missing the 1 1 carboxy terminal 
amino acids, which may hL an influence on signaling through this integrin. can be used. 
This peptide is used to idenu\signaling proteins which do not recognize the entire 

cytoplasmic domain. 

(peptides,: bioU„.Q.T^■T.N.^\pO,)-R-G-S-T.S.™^^ 
COOH 
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iii. P6 phosphopeptides as inhibitors of signaling. 

The effect of introducing non-hydrolysable derivatives (method as detailed 
previously) of the above peptides into permeabilised carcinoma or epithelial cell lines is 
assessed by cell adhesion to. and migration on, fibronectin. The pi, P5 and P6 integrin 
subunits described above bear the closest similarity to the P3 subunit cytoplasmic domain in 
that they contain at least two tyrosine residues in fairly similar positions. The P2 and P7 
subunits have 1 and 2 tyrosines, respectively, in their cytoplasmic domains but in a more 
membrane proximal position than those of the P3 subunit. However, there is high sequence 
conservation in the amino acids surrounding the 5' tyrosine in both the p2 and P7 proteins 
and these tyrosine residues are found in the same position in each case. These residues, " 
accordingly, are considered to be important. Similarly, the second tyrosine residue present . 
the P7 cytoplasmic domain is part of an rs.XY ihOtif that is found in the pi, P3, P5 and P6 
subunits. This motif is also present in other signaling proteins and has been implicated as 
having a role in associating with signaling proteins once its tyrosine is phosphorylated 
- (Gustafson, T.A. et ai, Mol Cell Biol (1995) 15:2500.2508; Songyang, Z. et alj Biol Chem 
(1995) 270:14863-14866). 

Example 7 
p2'Containing integrins 

The P2 subunit can pair with three different a subunits, namely aL, aM and 
OX All three of these integrins are expressed mainly in cells of the immune system and have 
been shown to play roles in inflammatory processes. Patients who lack the P2 subunit have 
leukocyte adhesion deficiency, termed LAD, and these patients show an increased 
susceptibility to bacterial infections, chronic granulocytosis and lack of pus formation 
(reviewed in Anderson, D.C. et al.,Ann Rev Med (1987) 38:175-194). 
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Experiments have suggested that the P2 subunit has signal trai^duction 
ability For example, in a COS cell expression systetn, p2 was phosphorylated on serine in 
response to phorbol ester stimulation. Furthermore, deletion of the P2 cytoplasmic domatn 
iriubited binding of the integrin to its Ugand (Hibbs, M.L. « ul., J £xp Med (1991) 
174 1227.1238), indicating the functional importance of this region. However, based on 
.suits of mutational an^ysis, these authors concluded that phosphorylation of the tyrosme 
residue in p2 was of little or no importance in their assays. Oth« worlcers have demonstrated 
a role for P2 integrins in triggering tyrosine phosphorylation in neutrophils, Benon, G. « a/. 
,JCellBiol(l994) 126:llll-1121)have shown thatclusteri„g.h.p2-con,ainmgintegnn on 

„eutrophilswi,hananti.p2 antibody, leads to *e tyrosine phosphorylation and activation of ^ 

the sre-family tyrosine kinase fSir. 

aL(a (LFA-1 . leukoctye function associated antigen 1) is found on 
lymphocytes, granulocytes, monocytes and macrophages. Its expression levels are mcreased 
on memory! cells. TMs integrin functions in me<iiatingti« binding otleukocytesto the 
epititelium during inflammatory responses, a process that involve, its binding «, tite Ugand 
ICAM-l (intracellular adhesion molecule 1). ,t is also involved in a number of the unmune 
ft„ctionsca,riedou.byTce,ls.e.g.adhesionofcy«.toxicTceUstotheirtargets(rev,ewed« 

l^n,R.S.elal..Immum>IRev(imM-M-2n). 

aMP2 (Mac-l) found on monocytes, macrophages, granulocytes and NK cells. 
, ™sintegri«me4i.esadh«encetobothmatrixandcellsurfacepr„.eins. "^ands utclude 
flbrinoge„,ft««X.C3biand.CAM.l. ,tp.aysaroleinneu.«>philbindh,g.oendothel,al 
Ta^dtubs^^.— ntositesof— on(seeLarsonandS^^^^^^^^ 

<,XP2 (P150.95) is expressed on monocytes, granulocytes, activated B and T 
ceUs, NK cells and a. high levels on macrophages. 1. is a marker for hairy leuk«ni. cells. 
5 Fibrinogenisaligandfor.hisintegrin.Againti»si„tegrinapp.ars,obemvolvedm 
5 fionnogcHwa 6 J ,«.„„incvte adhesion to endothelial 

inflammatory responses, playing a role in monocyte and granulocyte adhesto 
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cells although the ligand on the endothelial cells remains unidentified (see Larson and 
Springer review). Obviously, all of the p2-containing integrins play an important role m 
inflammatory and immune responses. 

i In vivo phosphorylation of p2 integrins. 

Using the methods described above the P2 subunit is shown to have a 
phosphorylatedtyrosineuponintegrinactivation. These experiments are carried out in 
human blood neutrophils, or suitable macrophage or lymphocyte cell lines, depending on the 
particular P2 integrin studied. The integrins can be activated using immobilized ant.p2 
antibodyCas detailed inBerton,G.eM/..yCeOi./(1994) 126:11114121)orusi^^ 

suitable ligand (e.g. fibrinogen for aXp2). 

U Binding of P2 cytoplasmic domain phosphopeptide to signaUng molecules. 

The folloW peptides are used to demonstrate the binding of signalmg 
5 " partners to integrins conti^ig a phosphorylated P2 subunit: 

• T o c\pn ^ R R.F-E-K-E-K-L-S-Q-W-N-N-D-N-P-L-F-K-S-A- 
(peptide I): biotin-D-L-R-E-Y^^Oj^R-R-l* t «^ ^ ^ 

T-COOH 



20 



And the unphosphorylated control peptid> 



iotin-D-L-R-E-Y-R-R-F-E-KVL-S-Q-W-^^^^^^ 



25 



biotm- 
COOH 

These; 



. ...^ peptides are us«i » predpita« any signaling P"«i« - °' 
,yn,phocy« .ysa«s, ^ specifically » ^.e phosphopcp^d. (a, described above for *e 
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other p integnn subfamilies). These peptides are also used to screen leukocyte cDNA 
Ubraries to identify proteins which interact with either the non-phosphorylated and/or the 
phosphorylated peptide. 

iii. P2 phosphopetides as inhibitors of signaling. 

The non-hydrolyzable form of the above peptide 1 is introduced into 
permeabilised neutrophils or lymphocytes as detailed previously. Assays to test the effect of 
this phosphopeptide on integnn function include binding to immobilized ligand (ICAM-1 for 
aLp2 and aMP2 and fibrinogen for aXP2) and the induction of tyrosine phosphorylation 
after anti-P2 antibody crosslinking. 

Example 8 
p7-containing integrins 
Two integrins have been identified thus far. These are a4P7 

' and aEP7 and appear to be expressed mosUy on letioeytes, in partiedar sn«ll intestinal 
epithelial lymphocytes (Ni, J. e.cl, Ce«M.™>/(.995) 161:166.172). Tlteir expression 
can also be induced on peripheral mo™>cy.es, and monocytoid cell lines, witi, agents such as 
PMA and IFNg. which promote maturation to the macrophage stag, of development (Tusal^ 
S e,al EurJImmmoK\W)2SM\A\n TOs integnn plays a role in intraepttheUal 
homing. Tl.. Ug^Kis for .407 include fibronectin and VCAM-l but no ligands have ye, been 
identified for aEP7. •n,ep7suh^t contains two tyrosine residues. Tlte membrane proxunal 
tvrosin, is co.s«ved b«we«.<he H and S7 subunits and the carboxy tyrosine is pan of the 
NPXY motif described above. 
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i In vivo phosphorylation of P7 integrin. 

Monocytoid lines such as THP-1 or HL-60 are cultured under conditions that 
induce them to differentiate into macrophage-like cells which then express the P7 integrins 
(Tiisala, S etai, Eur J Immunol (1995) 25:411-417). The phosphorylation state of the p7 
integrin is examined after stimulation by clustering the integrin with antibody or ligand 
(using the 2-D gel procedure already detailed). 



11. 



10 



Ability of p7 phosphopetides to bind to signaling proteins. 

The follov^tag peptides are used to identify signaling proteins associated with 
the P7 cytoplasmic tail in alospho-dependent manner. TTiese peptides are used to 
precipitate proteins from suitable cell lysates (e.g. differentiated THP-l cells as described 
above), and for cDNA library scribing. 

biotin-D-R-R-E-YCPAs-R-F-E-K-E-Q^^^^^^ 
Y(P03)-K-S-A.I.C00H 

And the unphosphorylated control peptide: 

bioUn.D-R.R.E-Y.S.R.F.E.K.E.QVL-''-**-''-'^^^^^^^^^ 

20 COOH 

iii Effect of P7 cytoplasmic phosphopetides on signaling. 

The non-hydrolyzable derivative of the phosphopetide 1 above is introduced 




mto 

25 si 



pe^eabilised cells (.f ^ d«cribed *ov.,. Be effeo. of .h. phosphopcp* on 
is ass«sed by assays such as binding to VCAM-1 or fibnmcctin. 
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As can be seen from the above, the discovery of a mode of signaling via 
GPIIIa tyrosine phosphorylation and the direct binding of signaling proteins to the integrin 
cytoplasmic domain has far-reaching implications for the signaling and function of other 
integrin family members. The P subunits of the integnns show fairly high levels of sequence 
homology, and this is especially true with regards to the tyrosine residues in Ps 3, 1, 5 and 6 
and to a lesser extent with Ps 7 and 2. The ability to influence signaling via these integnns 
using phosphopetide sequences from the relevant P-integrin cytoplasmic domains will have 
profound effects on a wide range of cellular activities. Potential therapeutics arising from 
such intervention in signaling via the p-containing integnns are discussed above. 

Although the present invention has been described in detail with reference to 
examples above, it is understood that various modifications can be made without departing 
from the spirit of the invention. Accordingly, the invention is limited only by the following 
claims. All cited references referred to in the application are incorporated by reference. 



